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PREFACE. 



The essay reproduced herein was orig- 
inally prepai-ed for the annual report of 
the State Board of Health of Ehode 
Island. It was written both for profes- 
sionals and laymen. Having met with a 
fevorablo réception it was thought worth 
while to increase its utility by republish- 
ing it in an improved and more accessible 
shape. Manji parts were' accordingly re- 
written, others were modified and omis- 
sions corrected. Such omissions, how- 
ever, are sure to occur in any édition of a 
book, containing descriptions of modem 
plumbing apparatus, as new appliances 
are continuously invented between the 
time the book is written until it is printed 
and published. 
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Many cuts of the original report . hâve 
been omitted, particularly those illustrat- 
ing plumbing fixtures, as thèse are con- 
tained in the well known catalogues and 
circulars of manufacturers of plumbers' 
supplies. 

The author takes this opportunity to 

express his obUgations to many friends 

for valuable hints and suggestions, which 

he has endeavorod to embody in this im- 

proved édition. He would be glad if this 

little volume should prove to be of in- 

terest and value to architects, sanitary 

engineers, plumbers, sanitary officers and 

householders in gênerai. 

W. P. G. 

Newpobt, R. I., December, 1882 



dby Google 



CONTENTS. 



iDtroductory. 
Sewer Gas 

Defective and Good Plumbing Work. 
Drains Outside of the House. 
Drains Inside of the House. 
Soi) and Waste Pii)e8. 

Essential Eléments of a System of Plumbing. 
Extension of Soil and Waste Pipes. 
Fresh Air Inlet, 
Trap on Main Drain. 
Trapping of Fixtures 
Venting of Traps. 
Evaporation of Water in Traps. 
Absorption of Gases by the Water in Traps. 
Traps Forced by Back Pressure. 
Branch Wastes from Fixtures. 
Cistem Overflows. 
Refrigerator Wastes. 
Safe Wastes. 
Rain Leaders. 
Drainage of Cellars. 
Dampness of Walls. 
System of House Drainage. 
Record and Plan of Drainage and PJumbîng 
Inspection. 



dby Google 



VI 



Plumbing Régulations. 

PlumbiDg Fixtures. 

Wash Basins. 

Bath Tubs. 

Laundry Tubs. 

Kitcben and Pantry Sinks : Laundry and 

House-maids' Sinks. 
Grease Traps. 

Slop Sinks and Slop Hoppers. 
Urinais. 

Water Closets in General. 
Pan Closets. 
Valve Closets. 
Plunger Closets. 
Hopper Closets. 
Wasb out Closets. 
Latrines. 
General Arrangement of Water Closet Apart- 

ments. 
Flu&hing Appliances. 



dby Google 






ÎUN.y^^.v."- !i 



Honse Drainage and Sanitary Plnmbing. 



Many erroneous ideas still prevail about 
sewer gas and its danger to health which 
arises, by having so-called " modem con- 
veniences" in our dwellings. It is the 
purpose of this paper, without in any 
way adding to the *'plumbing scare," 
clearly to define wherein the danger con- 
sista, but at the same time to establish 
rules for the proper draining and plumb- 
ing of houses, which, if carefully ob- 
served, wiU secui*e to the anxious house 
owner work of superior quality and of a 
positively safe character. 

Plumbing fixtures, which were con- 
èidered a luxury years ago, are now be- 
lieved to be necessary, not only for 
comfort and convenience, but also, and 
even more so, for health and for cleanli- 
ness. Even a small house is nowadays 
generally provided with a kitchen sink, a 
water closet, and sometimes a bath tub. 
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while in a costly modem résidence, ar- 
ranged with an elaborate System of 
plumbing, we find kitchen, pantry and 
scuUery sinks, slop sinks, laundry tubs, 
stationary wash basins in elosets near 
bedrooms, a great number of bath or 
dressing rooms, with water elosets, urin- 
ais, bath and foot tubs, bidets and other 
fixtures. 

The suggestions and recommendations 
of this report apply with equal force to 
the drainage and plumbing of tenements, 
small houses, costly résidences, villas, 
apartment houses, hôtels, factories, 
school-houses or pubUc buildings. As 
every plumbing fixture is not only an 
outlet for the wasté water to the drain, 
but possibly may become an inlet for 
drain air, the danger increases with the 
number of fixtures. A multitude of fix- 
tures requires a large number of soil and 
waste pipe stacks, and the chance of leak- 
age of sewer gas through defective 
joints increases correspondingly. But 
be the house large or smail, its drainage 
and plumbing System should always be 
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so arranged as entirely to exclude any 
possibility of the escape of sewer gas. 

SEWER GAB. 

I shall, first, briefly consider what is 
meant by the term '^ sewer gas." This 
tenu, as Prof. W. Ripley Nichols bas 
truly said,* is " an unfortunate one, and 
gives rise to a quite widespread but very 
erroneous idea. Many seem to suppose 
the ' sewer gas * to be a distinct gaseous 
substance, wbich is possessed of marked 
distinguishing diaractelistics, which fills 
the ordinary sewers and Connecting 
drains, and which, as a tangible some- 
thing, finds its way through any opening 
made by chance or by intention, and 
then, and only then, mixes with the at- 
mospheric air." 

Sewer gas is a mechanical mixture of a 
number of well knowû gases, having 
their origin in the décomposition of ani- 
mal or vegetable matter,with atmospheric 

♦ See Prof. W. Ripley Nichols' report upon chemical 
examioation of the air of the Berkeley street sewer, 
in Boston* Mass., 1878. 
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air. This mixture is continually varying, 
according to the more or less advanced 
stage of putréfaction of the foui matters, 
which form a sédiment and a slimy coating 
of the inner surfaces in drains and pipes. 
It is also variable with the character of 
this sédiment or deposit, and with the 
physical conditions (moisture, heat, etc.) 
under which the décomposition takes 
place. 

The principal gases found in sewers 
and drains are oxygen, nitrogen, carbonic 
dioxide, carbonic oxide, ammonia, car- 
bonate of ammonia, sulphide of ammo- 
nium, sulphuretted hydrogen and marsh 
gas. 

The three first-named gases are the 
principal constituents of the atmosphère, 
surrounding the globe, and are found 
présent in the foUowing average propor- 
tion, viz. : 

20.9 vols, oxygen ) . ^^^ , 

79.1 vol.. nitrogen [«IOOyoK of air. together 

with 2 to 5 vols, carbonic dioxide in 10,000 
vols, of air. 
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According to B. Angus Smith the 
amount of oxygen is : 

In the average, 20.96 vols, in 100 vols, of air. 
In pure mountain air, 20.98 vols, in 100 vols, of 

air. 
At the sea shore, 20.999 vols, in 100 vols, of 

air. 
In streets of populous cities, 20.87 to 20.90 

vols, in 100 vols, of air. 

The air in sewers and drains contains 
much less oxygen, as some of it combines 
with the Carbon of putrefying organic 
matter forming carbonic dioxide. The 
amount of nitrogen in the air of sewers 
is Kttle différent from that in the atmos- 
phère which we breathe ; but the amount 
of carbonic dioxide présent is greatly in- 
creased. 

The lowest amount of oxygen in sewer 
air is recorded to be 17.4 vols, in 100 
vols, of air ; the amount of carbonic di- 
oxide is in the average 2.3 vols, in 100 
vols. Sulphuretted hydrogen varies 
greatly, but the quantity is generally so 
small as not to be easily determined. 
Still more difficult is it to find by chemi- 
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cal analysis the proportion of other gases 
of decay. 

In well ventilated and well âushed 
sewers, Dr. Rnssell, of Glasgow, found 
the f oUowing ratio : 

20.70 vols, of oxygen in 100 vols, of air. 
78.79 vols, of nitrogen in 100 vols, of air. 
0.61 vols, of carbonic dioxide in 100 vols, of 

air. 
No salphuretted hydrogen in 100 vols, of air. 
Traces of ammonia in 100 vols, of air. 

Carbonic oxide is présent only in excess- 
ively minute quantities, and even then it 
may hâve entered the sewer or drain 
through leakage of illuminating gas from 
gas mains. 

In the absence of more satisfactory 
methods of analysis, it is usual with 
chemists to détermine the amount of pol- 
lution of the air, or the organic matter 
in it, by determining the amount of car- 
bonic dioxide présent, assuming that 
there is a certain fixed proportion be- 
tween the amount of carbonic dioxide 
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and the organic matter.* Thus, Prof. 
W. Ripley Nichols records as the average 
of many earefully eonducted experiments 
in Boston, the amount of carbonic diox- 
ide in a sewer in that city as follows : 
The average of 

31 déterminations in January, 1878, was 8.7 

vols, of COg in 10,000 vols, of air. 
44 detenninations in February, 1878, was 8.2 

vols, of COj in 10,000 vols, of air. 
47 déterminations in March, 1878, was 11.5 

vols, of COg in 10,000 vols, of air. 
12 déterminations in April, 1878, was 10.7 vols. 

of COg m 10,000 vols, of air. 
8 déterminations in June, 1878, was 27.5 vols. 

of COg in 10,000 vols of air. 
8 deteiminations in July, 1878, was 21.9 vols. 

of COg in 10.000 vols, of air. 

6 detenninations in August, 1878, was 23.9 

vols, of COg in 10,000 vols, of air. 

7 déterminations in January, 1879, was 8.0 

vols, of Cog in 10,000 vols, of air. 

♦ Sucb is strictly true only for air fouled by respira- 
tion, while it may not give accurate results in other 
cases. 

In regard to this interesting question I must refer 
to the Report of Prof. Ira Remsen on the subject of 
organic matter in the air, published in the National 
Board of Health Bulletin, vol. 2, No. 11. 
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14 déterminations in Febniary, 1879, was 11.6 
vols, of CO3 in 10,000 vols, of air. 

20 déterminations in March, 1879, was 11.8 
vols, of CO, in 10,000 vols, of air. 

He remarks : " It appears from thèse 
examinations that in such a sewer as the 
one in Berkeley street, which, being of 
necessity tide-locked, is an example of 
the worst type of construction, the air 
does not differ from the normal standard 
as much as many, no doubt, suppose. In 
a gênerai way, as we hâve seen, there is 
a larger am3unt of variation from nor- 
mal air during the wj-rmer season of the 
year ; but even when the amount of car- 
bonic acid was largest, it was only ex- 
tremely seldom that sulphuretted hydro- 
gen could be detected." . . . . "I 
think it should be said that the soil pipes 
and house drains are much more likely 
causes of discomfort and danger than 
the sewers." 

Hence the importance of a thorough 
ventilation of ail the soil, waste and 
drain pipes in a building. 

Ai-e the above-named constituents of 
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sewer air the origin or cause of the sick- 
ness 80 commonly attributed to the inhal- 
ing of sewer gas ? 

Although many of tbe gases named are 
poisonous, if iuHaled into the System in 
large quantities, and may, even if présent 
in smaller quantity, cause nausea, as- 
phyxia, headache, vomiting, etc., none of 
them can be said to produce any of the 
so-called ** filth diseases." To détermine 
the exact origin of thèse is a still unsolved 
problem of physiology. While some be- 
lieve that the particles of decomposing 
organic matter, présent in sewer air and 
, known as " organic vapor " cause disease, 
others seek the origin of the latter in mi- 
croscopic spores or germs which live and 
feed upon such organic vapor and are 
capable of reproduction under favorable 
conditions, such as présence of putrefy- 
ing filth, excess of moisture, beat, lack of 
oxygen, etc. 

Whatever theory may be accepted as 
true, it is évident that, by preventing the 
decay of organic matter within sewers, 
drains and soil pipes, or by depriving 
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. thèse germs (if sueh be the cause of dis- 
ease) of the conditions facilitating their 
reproduction, we can best prevent the 
outbreak of excremental diseases. In 
other words, by completely removing as 
speedily as possible ail waste matters 
fro/n the dwelling by pipes thoroughly 
and tighthj jointed^ and by a sufficient 
dilution of the air in thèse pipes with 
oxygeny the danger of infection^ arising 
front de/ectlve drainage and plumbing, 
moy be redaced to a minimum, 

It should be mentioned that some hy- 
gienists, notably Dr. Soyka and Dr. 
Renk, both assistants of Pettenkofer in 
Munich, hâve lately denied the existence 
of any positive proof of a connection be- 
tween sewer gas and the spread of épi- 
démie diseases — ^just as NaegeH and Etn- 
merich doubt the possibiHty of infection 
from drinking water contaminated by 
sewage. Dr. Renk considers the exchi- 
sion of gases of decay from the interior 
of dwellings necessary only so far as they 
ate offensive to the sensé of smell. In 
this view, however, I cannot concur; in 
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regard to "filth-diseases," their causes 
and origin, I accept the theory of Dr» 
Simon, Parkes and others. 

DEFECTIVifi AND GOOD PLUMBING WORK. 

The tmbealthiness of dwelliog houses 
has been greatly iucreased by plumbing 
work defective in design, materials and 
in workmanship, through ignorance, but 
often through intention of builders. The 
conséquence was a growing inchnation 
with some to abandon ail plumbing fix- 
tures, to go back to the ill-famed privy in 
the backyard, and to follow the practice 
of throwing the slops from the kitchen 
upon the grounds in the rear yard. 

But, cannot this risk be avoided with 
careful, conscientious and honest work- 
manship, carried out under the strict su- 
pervision of an expert 1 Is it such a diffi- 
cult thing to hâve a proper and judicious 
arrangement of the drainage System f 

I shall endeavor in the foUowing pages 
to explain what the éléments of a well 
devised System of house drainage and 
sanitary plumbing are. Much has been 
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written of late about this subject. Ifc 
lias been well and thoroughly treated by 
able writers, and my paper can hardly 
claim much originality or novelty, but 
should be taken as the outgrowth of 
much study ând expérience. 

The essentials of a perfect System of 
house drainage are simple and can be 
readily understood by any householder, 
when carefully explained. They in volve 
nothing more than the proper application 
of well-known laws of nature ; there is no 
mystery, no secrecy about any part of 
the work. Any one building a house is 
able to secure good drainage and a safe 
arrangement of the plumbing work with- 
out having to resort to any patented Sys- 
tem. The proper way of laying and 
trapping drains, of ventilating soil and 
waste pipes, etc., cannot, in my judg- 
ment, be patented. The plumbing fix- 
tures are, of course, mostly patented, as 
any useful appliance may be, and in 
^eaking of thèse one cannot avoid rec- 
ommending patented devices. 

The entire sewage of the dwelling may 
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deliver either into a regular System of 
sewers, or else discharge into an open 
water course; or — ^in the absence of either 
— it may rnn into a cesspool, be it a 
leaching cesspool, or a well-cemented^ 
tight vault of brickwork ; or finally, into 
a flushtank, to be disposed of on the 
ground by surface irrigation, or below 
the ground by the subsurface irrigation 
System. 

So far as the arrangement of the inside 
plumbing work is concemed, it does not 
make any material différence which of 
the above Systems of getting rid of the 
waste- water from habitations isavailable.* 

Under ail circumstances the three car- 
dinal objects to be fulhlled Ly a perfect 
System of house drainage are : 

1. To remove from the inside of the 
dwelling as quickly as possible ail liquid 
and semi Hquid wastes, whether it be the 
soapy discharge from wash bowls, bath 
tubs and laundry tubs, or the vege table 

* It is not intended in this paper to discuss tl)e 
merits and faults of thèse différent methods of sew- 
âge disposai. 



dby Google 



20 

refuse from the scuUery sink, tbe greasy 
matter from kitchen and pantry sinks, or 
the foui discharges from slop sinks, urin- 
ais and water closets. 

2. To prevent the foui gases originat- 
ing from the décomposition of the above 
matters in the drain, sewer, cesspool or 
flushtank, from retuming through the 
same channels into our dwellings. 

3. To oxidize and render innocuous by 
a copions flushing with air the foui gases 
due to the possible putréfaction of waste 
matters within the bouse drains, soil and 
waste pipes, at the same time properly 
protecting ail outlets of fixtures from 
the entrance of thèse gases. 

DRAINS OUTSIDE OF THE HODSE. 

The bouse drain is the means for con- 
veying the sewage from the dwelling. Its 
proper material is a question of great 
importance. Outside of the dwelling it 
should be of vitrified pipe, circular in 
fihape, which is superior to cément pipe. 
*Iron pipe for outside drains is préfér- 
able in made ground, or in quicksand, 
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also where trees are near the line of the 
drain, and where the drain must' neces- 
sarily pass near a well fumishing water 
for the household. 

Neither brick channels nor wooden 
conduits should be used as bouse drains. 
Only strong, hard, well-burnt, vitrified 
pipe, free from cracks or other defects 
should be used. Four inch pipes and 
those of smaller size are especially liable 
to warping, and should be carefully in- 
spected and selected. The interior of 
thèse pipes should be well-glazed and 
smooth throughout ; the pipes should be 
impervious, true in section, perfectly 
straight, and of a uniform thickness. 
Four inch pipes should hâve a thickness 
of ^ in. to f in. ; six inch pipes ^ in. to 
f in. ; nine inch pipes should be not less 
than f inches thick ; 12 inch pipes should 
be 1 inch fchick; fifteen inch pipe 1^ in., 
and eighteen inch pipe should hâve a 
thickness of 1^ inches. 

The joints of the pipes should receive 
particulâr attention. The danger arising * 
from imperfect or leaky joints is twofold. 
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namely, first, the sewage, by soaking inta 
the ground, pollutes the soil and endan- 
gers the purity of the water supply in 
places where houses are dépendent on 
wells and cisterns for water. The ground 
around and under the house is more and 
more subject to contamination, and in 
winter time, when there is a strong in- 
ward draft into houses from fireplaces 
and stoves, the tainted '* ground air " is 
thus sucked into our very living and 
sleepiiig rooms, often producing severe 
illness. ,The second danger resulting 
from leaky joints is equally patent. The 
solid matters, carried in suspension in 
the pipes, are deprived of a part of their 
liquid carrier, and thus tend to accumu- 
late and form deposits in the house 
drain, which deposits soon undergo de- 
composition, and fill the drains and pipes 
with noxious gases. 

Vitrified pipes are made either with a 
socket or hub attached to one end of the 
pipe, or with both ends plain. When 
socket pipe is used, spécial grooves 
should be eut in the bottom of the trench 
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for the hub, in order to give the pipe a 
solid bearing on its entire length. The 
pipes are laid with the socket pointing 
upgrade, the plain or spigot end of one 
pipe being inserted into the socket of 
the next. Spigot and socket ends should 
be concentrée. Into the annnlar space 
between both a gasket of picked oakum 
is introduced and firmly rammed by a 
hand iron. The remainder of the space 
is then filled with pure cernent, or cernent 
mixed with an equal volume of sand. No 
lime should be used with the mortar, 
which should be prepared only in small 
quantities at a time, to prevenfc its setting 
before use. Parfcicular attention should 
be given to the bottom part of the joint, 
where the mortar should be pressed into 
it with the fingers. If water accumu- 
lâtes in the trench^ this should be care- 
fuUy removed from the grooves before 
making the joints, and sufficient earth 
should be thrown into thegroove to sup- 
port the mortar at the bottom of the 
joint, until it has time to harden. The 
gasket of oakum prevents any cément from 
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projecting into the inside of the drain, 
and renders the use of a rattan and rag, 
with which to wipe the inside of joints, 
iinnecessary. Where the sockets are in- 
sufficient in length to permit the use of 
a gasket, it becomes important to clean 
the joints -of cément projecting at the 
inside, but in this case a better de vice 
than a rattan with rag tied to it is a 
strong handle to which is attached a 
a semi-circular dise of wood, of a some- 
what smaller radius than the radius of 
the pipe. 

The cylindrical pipe without sockets 
is preferred by some. The joints, in this 
case, are made by butting two pipes to- 
gether, and covering them with rings or 
collars of unglazed terra cotta,*applying 
cément to the inside of the collar and to 
the ends of the pipes. 

Some object to the use of ccipient for 
drain pipe joints, claiming that the stiff- 
ness of the cément joint after hardening 
will tend to break the pipes in case of a 
slight settling. They also maintain that 
some céments increase considerably in 
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volume when setting, and tend to burst 
the sockets. They much pref er a ring of 
puddled clay, pressed into the jeint and 
"wiped around it, clainîing that clay will 
make a tight and more elastic joint. But 
in ordinary cases the settliog of drain 
pipes may be prevented by providing a 
solid foundation of either gravel, sand, 
or concrète, or in very wet ground, 
boards or piles as supports to the pipe. 
In made ground I should recommend the 
use of iron pipes to prevent leaky joints 
or breakage of pipes. A good Portland 
cernent will not much increase in volume 
after setting, and I believe it has been 
shown that those céments which largely 
increase their volume, often lose their 
hardness itfter some time, and would be^ 
therefore, unfit for any use. While I 
fully appreciate the advantage of a some- 
what elastic joint, I do not think that 
puddled clay will make as tight a joint as 
seems désirable for drains carrying foui 
sewage. 

What is known as "Stanford's Im- 
proved Pipe Joint" has been used bxten- 
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sively of late in works of house drainage 
in England, and its superior mérita are 
such as to recommend it for use with us. 
I, therefore, introduce a brief descrip- 
tion. "In sewer work in bad or wet 
ground, just where a sound joint is most 
required, the difficulty of making it is 
the greatest. What is wanted, therefore» 
is a joint that will entail the least dis- 
turbance of the ground, that will not 
necessitate the absolute drying of the 
trench bottom, and that will require the 
niinimam of time, skill, and labor in mak- 
ing it. Thèse conditions will be fulfilled 
in the most complète manner by making 
the spigot of one pipe to fit mechanic- 
ally into the socket of another, as in a 
bored and tumed iron pipe jomt. Such 
a mechanical fit cannot be obtained with 
fltoneware or earthenware pipes, owing 
to the difficulty of preserving perfect 
accuracy of form during the process of 
burning.'* 

"In the Stanford joint tightness is ob- 
tained by casting upon the spigot and in 
the socket of each pipe, by means of 
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moulds prepared for the purpose, rings 
of a cheap and durable material, which, 
when put together, fit mechanically into 
each other, and by making thèse rings 
of a spherical form, a certain amount of 
movement or settlement may take place 
'without destroying the accuracy of the 
joint. In laying thèse pipes, therefore, 
ail that is necessary is to insert the 
spigot of one fairly and firmly into the 
socket of another previously laid, and the 
joint is complète and perfectly water- 
tight. A smearing of some kind of 
grease is frequently found to be of ad- 
vantage." 

Half socket or access-pipes are some- 
times useful, where it becomes necessary 
often to inspect the house drain. They 
should be located close to angles, bends, 
junction branches, running traps, &c. 
They are not much used in this country, 
owing, probably, to the fact that, should 
the main drain run over one-half full,. 
sewage may leak out through the access- 
pipes into the sôil. 

Care should be taken to lay the pipes 
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on a finu bed of saDd or gravel, and if 
this is not available, a concrète base 
should be provided^in tte trench. The 
pipes should be laid in straight lines, ail 
changes of direction should be effected 
by curves of as large a radius as possi- 
ble, formed of bent pipes. Ail branches 
should join the main under an acute an- 
gle, by spécial Y pièces, for a right-an- 
gled junction (by a T branch) . tends to 
form eddies and consequently deposits 
in the main drain. 

In laying drains, care should be taken 
to avoid, as much as possible, trees. 
The rooto of thèse are frequently found 
to penetrate and often choke tho pipes, 
and are certainly a dangerous obstruc- 
tion to the flow in the drain. If the 
linè of the drain must necessarily pass 
near trees, the use of iron pipes is re- 
commended. The coating of the pipes 
with coal tar on their outside, the use of 
Sksphaltum for joints, and sometimes the 
surrounding of the drain with a strong 
layer of concrète are said to be effectuai 
protections against roots of trees. 
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I now must speak of the grade of the 
drain y as this is a mat ter of prime im- 
portance. XJpon the inclination of a 
pipe dépends tlie velocity of the water 
flowing through it. If this velocity 
should be insufficient, deposits will oc- 
cur, and the drain will in time become 
choked. Pipes of 4 inches diameter 
should hâve a velocity of flow of from 3 
to 4^ f t. per second ; those of 6 and 9 
inches diameter should hâve a velocity 
of not less than 2J to 3 ft. A velocity 
of 2 ft. per second should be consid- 
ered the minimum allowable in house 
drains. As a gênerai rule the inclination 
of a house drain should be as great as 
attainable, and must be, wherever local 
conditions will permit, continuons. It 
is not unfrequently found by uncover- 
ing old drains that, in order to save 
digging, they are laid very flat, of ten per- 
fectly level, from the point where they 
leave the house to nearly their junction 
with the sewer, at which place they are 
tumed with a steep pitch downwards, 
and often enter the sewer at its crown. 
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By distributing the whole available fall 
over the total length of the drain a 
much better grade would hâve been se- 
cured. 

In order to lay a drain with a true 
grade, especially where the fall is little, 
a level should be used. > The élévation 
of bottom of pipe, where it leaves the 
house — at a depth of not less than 3 
feet in the New Engl&nd States, as a 
protection against frost — should be as- 
certain ed, as well as the élévation of 
the junction with the sewer (or else in- 
let to cesspool or flush tank). A profile 
of the ground along the line of the drain 
should also be determined by levelling. 
Thus, the proper available fall can be de- 
termined, with a little additions! trouble, 
it is true, which, however, will be well 
repaid by securing a much better quality 
of the work. 

A fall of f rom 1 in 40 to 1 in 60 is dé- 
sirable for pipes of 4 or 6 inches diam- 
eter, but this cannot always be had. I 
would consider a grade of 1 in 100 as 
the least to be given to house drains, in 
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order to keep them self-cleansing. When 
laid with such fall and ninning full or 
balf-full, a six-inch drain bas a yelooity 
of 3^ feet, a four-inch drain a velocity of 
nearly 3 feet, which is sufficient to carry 
along such suspended matters as only 
onght to enter a house drain. Where 
the available fall is less than 1 in 100, 
spécial flushing apparatns, such as Field's 
flush tank, McFarland's tilting tank, or 
Shone*s hydraulic syphon ejector should 
be used. 

I hâve thus fully explained the right 
method of laying drain pipes, because, 
even with the best plumbing inside of 
the house, it is of the greatest importance 
to hâve the outside drains of good qual- 
ity, properly laid, ànd properly jointed. 

The next question to be considered is : 
"What ia the proper aize for hou^e 
drains ? 

This will, of course, dépend to some 
extent upon the grade of the drain, the 
size of the house and number of its oc- 
cupants, the amount of water used per 
head per day, and finally, unless the rain 
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falling upon the roof is stored in a cis- 
tem, upon the amount of rainfall to be 
carried off in a certain time. This rain 
is a most bénéficiai scourer for drains, 
and unless the sewage of the dwelling is 
to be disposed of by irrigation, or the 
sewers of the town built according to 
the " separate System, " which excludes 
the rain-fall from the channels carrying 
sewage, I should strongly advise to de- 
liver it into the same channel, which car- 
ries away the foui wastes of the habita- 
tion. Even with this double purpose in 
view the house drain need not be very 
large, and the doser its size is propor- 
tioned to the volume of water it must 
carry the more self-deansing will it be. 

To illustrate the advantage gained by 
reducing the size of drains as much as 
possible, or in otherwordsby concentrât- 
ing the sewage flowing through it, I hâve 
constructed the diagram, Fig. 1, which 
represents for différent depths of flow in 
the same pipe the change of velocity. It 
is évident that the velocity in a pipe will 
greatly diminish as the depth of the 
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stream flowing through it diminislies. 
The diagram shows that the velocity is 
the same for drains running full or half 
foU; it also shows that the maximum 
velocity of flow occurs not when the 
sewer is running full, but when the 
depth of flow is about .313 of its diam- 
eter. The maximum velocity is about 11 
per cent greater that that of a pipe run- 
ning full or half full. The maximum dis- 
charge, however, does not coincide wîth 
the maximum velocity. The discharge is 
a maximum when the depth of flow is 
about .95 of the diameter. At a depth 
of flow of onefourth of the diameter 
the velocity is only about 77 per cent, 
of that when running full or half full, 
and for lesser depths of flow it dimin- 
ishes rapidly. 

For an ordinary city dwelling a drain 
four inches in diameter is ample, evenin- 
cluding ail the rain-fall. For a larger 
lot and résidence a six-inch drain is ail 
that is needed, even if the fall should be 
only 1 in 100. As a gênerai rule, house 
drains hâve been constructed of too large 
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a diameter, and one often meets with the 
objection that a f our-inch pipe will clog uf> 
with grease in a short time, or will be 
obstructed by solid substances. To this, 
I answer, tbat in regard to grease the 
only safe way, where it is allowed to 
waste, or in case of large boarding- 
houses and hôtels, is to keep it altogether 
ont of the drain (which can be easily 
accomplished by a suitable grease trap). 
Grease congealing in a drain is sure to 
clog it, no matter how large it is made. 
The stoppage would be only a question 
of time, and nothing could be gained by 
postponing this inévitable resuit. In 
regard to obstructions by solid matters, 
I may assert that nothing which passes 
through the strainer of a sink or from 
the water-closet bowl can possibly ob- 
struct the drain. What may enter 
through carelessness of servants, or of 
the householder, such as *' sand, shavings, 
sticks, coal, bones, garbage, bottles, 
epoons, knives, forks, apples, potatoes, 
hay, shirts, towels, stockings, floor- 
cloths, broken crockery, etc.,'' to quote 
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e 

I f from Mr. J. Herbert Shedd's Eeport on 

. the Sewerage of Providence, cannot 
I rightfully be expected to be carried away 
^ J in a drain. To guard against such ob- 
I structions, the drain should be made 
accessible, especially near bends, jonc- 
tions and the main trap. 

The following useful table, calculated 
by Eobt. Moore, Esq., CE., from Weis- 
bach's formula for flow of water through 
open colverts, gives the size and velocity 
in hoose drains, laid at différent inclina- 
tions, and for varions sizes of lots, the 
rain-fall being 2 inches per hoor, and the 
pipes ronning f foll. It shoold be said 
that the smallest sizes of the table (below 
3 or 4 inches diameter) are given only 
for the sake of completeness, and not as 
sizes to be recommended for actoal ose. 
Take, for example, an ordinary city lot 
of 25X150 ft. = .0861 acres. The rain- 
fall to be provided for may be 2 inches 
per hoor. Thoogh soch storms are not 
freqoent, provision shoold be made for 
them in the calcolation of the size of 
hoose drains, as the rain falling on roofs 
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and on paved yards Teaches the drain 
very soon af ter having fallen. à rainfall 
of 1 inch per hour per acre very nearly 
yields 1 cubic foot per second, therefore 
2 inches per hour give 2 cub. f t. per sec. 
per acre. The nnmber of cubic feet of 
rain from the above lot is therefore .0861 
X 2 = .1722 cub. ft. per second or 60 X 
.1722 =r 10.332 cub. ft. per minute. 

We further assume 6 persons to the 
house, and 75 gallons per head per diem, 
which is a very libéral allowance. The 
waste water of the house is therefore 6 
X 75 = 450 gallons per day. If one- 
half of this amount is estimated to run 
off in 8 hours, the maximum per hour 
would be about 28 gallons or .0624 cub. 
ft. per minute. ^ This quantity is so in- 
significant compared with the rainfall 
that we may safely neglect it. 

Should the drain be allowed to run 
three-quarters full, and hâve a fall of 1 
in 100, a diameter of 3f inches would 
suffice, according to above table. 

As a second example, I shall take a 
large lot, say 80 X 150 ft. = .2755 acres. 
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The quantity of rain to be discharged 
will be, under the same suppositions as 
above, 2 x 60 X .2755 acres=33.06 cub. 
ft. per minute. For a drain, running f 
full, the table gives the necessary di- 
ameter=5J inches. 

For a convenient graphical exhibit of 
the relation between inclination, size, ve- 
locity and discharge of drains and sewers 
see the author's '* Diagram for Sewer 
Calculations," 1881, N. Y. 

The f oregoing explanations hâve, I be- 
lieve, sufficiently proved that no house 
drain needs to be larger than six inches 
under ordinary circumstances, while in 
most cases a 4-inch pipe will fully answer 
the purpose. Any increase of size would 
tend to be a détriment rather than a 
benefit. 

DRAINS INSIDE OF THE HOUSE. 

The earthenware drain should end at 
about 5 to 10 ft. outside of the founda- 
tion walls of the house. From this 
point towards the inside of the house 
the drain should be ôf iron. The joint 
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between iron drain and earthenwarepipe 
should be made with pure hydraulic 
cernent. Where the iron pipe passes 
through the wall, a relieving arch should 
be built over it. Settlemênt of walls 
often occurs, and is liable to crack the 
pipe or even break it, unless the above 
provision is carried out. It is qnite 
évident that, under no circumstances 
whatever, this part of the house drain 
should consist of vitrified pipe. 

Important as it is to hâve the drains 
outside of the house free from sédiment 
or leakage, it is still more so to hâve ail 
the pipe joints inside of the dwelling 
perfectly air and water tight, for if any 
defect should exist hère, sewer gas will 
leak into the cellar and pervade the whole 
house. For this reason we sometimes 
find the cardinal rule laid down that no 
drains should run under a house, but 
should be taken outside of it as soon as 
possible. This is not practicable, as a 
gênerai rule, in the case of narrow city 
lots. Fortunately, however, we can, with 
perfect safety, run the drains across the 
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basement or cellar floor of a dwelling, 
provided we choose the only safe ma- 
terial, i. e. iron pipes. A good mechanic 
is able to make witb thèse a perfectly air 
and water tight joint. 

The beat course of the iron drains in 
the house is along the ceiling of the 
cellar, or along one of the foundation 
walls. In other words, wherever prac- 
ticable, the iron drain ought to be kept 
in sigkt, in order to enable anybody to 
detect a leaky joint at occasional inspec- 
tions. Sometimes fixtures located in the 
cellar, such as servants' water closets, 
laundry tubs or sinks, make it necessary 
to lay the iron drain below the cellar 
floor. In this case it should be laid with 
proper fall in a trench, the sides of which 
are walled with brick work, and the base 
of which should consist of a layer of 
f rom 4 to 6 inches of éoncrete, thoroughly 
rammed and properly graded. The 
trench should be made accessible by 
closing it with movable covers of iron or 
wood. 
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If the drain is carried in sight, I would 
much pref er supporting it by strong iron 
hooks from the cellar wall, or by brick 
piers, where the ground is soKd, and not 
liable to " settle," instead of suspending 
it by iron hangers from the main joists 
. of the floor above. For, with the latter 
arrangement, a slight lowering or bend- 
ing of the beams supporting the iron 
drain, would tend to loosen the joint be- 
tween water closet trap and soil pipe, as 
the latter is rigidly connected with the 
drain, thus creating a* source of danger 
from leakage of sewer gas. 

As regards the proper inclination of 
iron drains in the cellar, the rules given 
for the outside drains should be ob- 
served. 

The principles stated for the size of 
the outside drain apply with equal force 
to the inside drain. If no leaders enter 
the drain at its upper end or along its 
<30urse through the house, a 4-inch pipe 
is ample for any ordinary sized dwelling ; 
a 6-inch drain is very seldom required. 
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As a good précaution for repairs or 
cases of obstructions of the drain, I 
would recommend the practice of many 
plumbers, which consists in iDserting at 
distances of about 10 or 20 feet along 
the course of the iron drain Y branches, 
the ends of the branches being closed by 
a brass thimble, caulked into the hub of 
the Y, and closed by a trap screw. By 
opening thèse and inserting a proper 
cleaning tool, occasional obstructions by 
introduction of foreign matters are 
easily removed. 

The course of the main drain in cellar 
should be as straight as possible. Ail 
changes of direction should be made by 
iron bends. Ail junctions with the main 
drain should be made by Y branches, in 
order to join the flow of both pipes 
without causing eddies ; no right-angled 
junction should be made in any hori- 
zontal or inclined pipe. 

SOIL AND WASTE PIPES, 

Into the iron drain the vertical soil 
and waste pipes enter by means of either 
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quarter bends or by a Y branch with an 
eighth bend.* 

* As regards the exact meaning of the terms drain 
pipe, soil pipe, and waste pipe, I quotethe following 
•lear explanatlon from the " Sanitary Engineer," Vol. 
4: "Tlie drainage System of a house, includlng the 
pipes or channels of any kind Connecting it with the 
sewer or cesspool, may be dlvided into two parts— 
flrst, that part whioh is chiefly outside the house walls, 
and second, that which is generally inside the house. 
The first is called the Tumu drain, or simply drain, 
and conveys the whole body of wastes from the 
house, including both the discharges from water^ 
closets and urinais, and from baths, basins, sinks, &g., 
to the sewer or cesspool. The drain is practically 
horizontal, and may be considered as terminating 
either at the house wall, or at the most remote point 
at which it receives the pipes from any fixtures. The 
Word drain is, however, also used in another sensé as 
distinguished from sewer. It then means the pipe or 
channel which conveys only rain or ground water, as 
distinguished from sewage. An example of this kind 
of drain is the separate System of pipes, used to con- 
vey only rain water in some towns and the tile pipe 
commonly employed in draining wet lands. 

" That part of the house drainage System which is 
generally inside the house, including the pipes from 
the varions fixtures, is made up of soil pipes a.nd waste 
pipes. Soil pipes are those pipes which receive human 
excréta from water closets and urinais, and they are 
still called soil pipes, even if they also receive the 
waste water from baths, basins, &c. On the other 
hand, waste pipes are those which receive only the 
waste water from thèse latter, but not the dis charge 
from water closets and urinais. The waste pipes of a 
house may either enter the hoîise e^rain independently 
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The best material for soil and waste 
pipes is cast iron. Ail cast iron pipes 
used in house drainage should be thor- 
oughly Sound, of a uniform thickness 
throughout, and must allow of ready 
cutting witbout splitting. The inside 
should be truly cylindrical and of smooth 
finish. The thiclmess of ordinary (so- 
called light) soil pipe is about J of 
an inch for 2, 3 and 4-inch pipes, and 

'h ^^ A ^^ *^ ^^^^ ^^^ ^ *^^ ^ ^^^ pipe. 
For ail large public or private buildings 
I should always insist upon the use of 
extra heavy soil pipe, which is about 
double as thick as the ordinary pipe. 
The weights of extra heavy pipe are 
about as f ollows : 



2 inch pipe, 5^ Ibs. per foot. 

3 inch pipe, 9^ Ibs. per foot. 

4 inch pipe, 13 Ibs. per foot. 

5 inch pipe, 17 Ibs. per foot. 

6 inch pipe, 20 Ibs. per foot. 

or join the soil pipe first and discharge their contents 
through it into the drain. As distinguished from the 
drain the soU pipes and waste pipes, at least for the 
longer lengths, are generally vertical." 
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Great care shotQd be exercised by 
plnmbers, architects, plumbing înspect- 
ors and sanitary engineers in regard to 
the uni/orm thickness of iron soil pipe. 
The writer bas lately seen spécimens of 
extra heavy soil pipe where tbe pipe was 
ahuost as tbin as a knife-blade on one 
side, wbile it bad far more tban tbe re- 
quired tbickness on tbe otber side, tbe 
weigbt being as speciUed. Measnring 
tbe tbickness of iron drain pipes by a 
pair of caUpers sbonld be reconmiended, 
but I am not aware tbat it is done at ail 
now. 

Iron soil pipe, tbe inside of wbicb 
bas been made smobtb by dipping tbe 
pipe into a bot solution of coal-tar pitcb, 
is superior to ordinary iron pipe. Tbis 
coating, wben applied to tbe outside of 
tbe pipe, f orms a good préventive against 
rust or corrosion, and is better tban 
any paint applied to tbe iron. Wbere 
economy is no object, tbe enamelled 
pipe may be used, wbicb bas a very 
smootb inside surface, tbus securing to 
well-flusbed soil pipes tbe greatest pos- 
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sible cleanliness. Whether iron pipes 
are coated with coal tar pitcb or en- 
amelled, it is necessary, before applying 
eitber of thèse protective coats, care- 
fully to test each pipe for defects, sand 
holes or cracks, by the hammer test. 
The coating may effectually cover thèse 
defects and render détection difficult. 

Iron pipes are manufactured in lengths 
of 5 feet, with hub and spigot end, or 
else with double hub. 

The iron works manufacture net only 
straight soil pipe, but a large number of 
fittings, such as quarter bends, eighth 
bends, sixth bends, sixteenth bends, T 
branches, Y branches, double Y branches, 
half Y branches, offsets, single and double 
hubs, increasers, reducers, &c., to en- 
able the plumber to make ail possible 
connections and lines with iron pipe. 

In England lead pipe is preferred for 
soil pipes. According to one of the 
best English authorities on plumbing * 



♦ s. Stephens Hellyer, "The Plumber and Sanitary 
houses," 2d édition. 
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the advantages claimed for lead pipe 
are briefly as follows: 

1. It is smoother, cleaner, not so cor- 
rosive ; xnore durable. 

2. It can be beDt to suit any position ; 
it is môre compact. 

3. Its joints are more to be depended 
upon than iron pipe joints. 

4. Urine, being very corrosive, acts 
more on iron than on lead. 

5. Iron pipe rusts on the outside, 
and painting iron pipes, to prevent it, 
is expensive, and is generally not done 
thoroughly at the back of the pipe. 

6. Lead branch wastes or traps cannot 
easily be joined to iron pipe. 

7. Iron pipe does not allow canlking 
joints with lead, therefore cernent is used 
for the joint. 

From ail this I disagree, for : 

1. Tarred or enamelled iron pipe is 
fully as smooth as lead pipe, and the 
iron pipe is thereby well protected from 
corrosion. 

2. The above enumerated variety of 
spécial fittings enables the plumber 
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readily to adapt his iron pipe to almost 
any position; moreover I do not see 
why iron pipe should take np a great 
deal more room than lead pipe of same 
bore. 

3. Well caulked joints of heavy iron 
pipes are just as sound and trtistworthy 
as wiped joints in lead pipes, and any 
good mechanic is able to make tbem. 

4. Urine does not corrode an iron soil 
pipe, protected by a coal-tar pitcli so- 
lution or by enamel, more tlian a lead 
pipe. 

5. The outside of iron pipe can be 
efSciently protected from rusting by 
paint, coal-tar pitch or enamel. 

G. Lead cannot be caulked into iron, 
but a good plumber always solders a 
brass ferrule by a wiped joint to the lead 
pipe (or trap), and caulks the brass fer- 
rule into the hub of the iron pipe. 

7. Any one who will take the trouble 
carefully to examine the joints of iron 
pipe, made by an honest and conscien- 
tious plumber, will readily admit the pos- 
sibility of making tight joints with iron 
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pipe. Only iron pipe of a sufficient 
strength to withstand the knocking oc- 
casioned by caulking the lead is used in 
American plumbing. 

But, while iron pipe is fully equal in 
ail the aboyé respects to lead, it has 
great advantages over it. '^ Lead soil 
pipes are very heavy, and, therefore, 
liable to sag and spUt open, to hâve 
holes eaten into them by rats, and hâve 
nails driven into them by carpenters, and 
also to corrode, and they require much 
greater skill to put up, and involve more 
expense; therefore the statements of 
Hellyer prove nothing, although they 
demonstrate the absurdity of bricking 
soil pipes into a wall, and the necessity 
of so placing them that they are at ail 
times readily accessible for inspection; 
and also prove what few people seem to 
realize, that the drainage System of a 
house requires periodical testing and 
inspection just as much as a steamboiler 
or pièce of machinery." * 

♦ See articles on "Plumbing Practice," in the Sani- 
tary Engineer, vol. 4. 
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Pipes of wrought-iron, coated with 
coal-tar pitch, hâve been lately used for 
soil pipes, notably in the Durham System 
of liouse drainage. I am not prepared 
to say whetlier or not such pipes last as 
long as cast-iron pipes protected with 
the same coating. 

Soil pipes should not, as a rule, be 
larger than four inches inside diaineter ; 
this size will answer for half a dozen or 
more water closets on one vertical stack of 
pipe. From a late account of the sew- 
erage of the city of Pullman, near Chi- 
cago, I leam that several hundred soil 
pipes of 3-inch bore were used in the 
houses, and " in the case of three-story 
flats, one pipe frequently has six closets 
connected to it." Very few instances of 
stoppage occurred, and thèse were al- 
ways " due to obstructions that got in 
during construction, and never to the 
use of a small-sized pipe." Such a ré- 
duction of the size of soil pipes will un- 
doubtedlyincrease the danger of '*siphon- 
age. of traps," and for this reason it is 
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hardly safe to use Boil pipes smaller than 
four inches inside diameter. 

Waste pipes of iron should be 1^ or 2 
inches in diameter. This is ample for 
the waste water of one or more bath 
tubs, and a large number X)f wash bowls. 

I may hère remark that, contrary to 
the generally entertained opinion, a near- 
ly horizontal or inclined pipe can be kept 
clean by flushing much easier than a ver- 
tical pipe. The flushing water in this 
latter case soon assumes a whirling mo- 
tion, and the scattered drops fall down- 
ward without exerting much scouring 
action upon the interior of the pipe. 
Hence the importance of having the in- 
side of soil and waste pipes as smooth 
as possible to prevent solid matters 
from adhering to the sides, where hard- 
ly any amount of flushing will take them 
off. 

The arrangement of soil and waste 
pipes should be* as direct as possible. 
It is désirable that each vertical stack 
should extend from cellar to roof .in a 
straight line. In planning the plumbing 
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for 9 dwelling too much care cannot be 
taken to secure such an arrangement. 
Every offset, every bend in the pipe 
forma an obstruction to its proper flush- 
ing, with both water and air. Horizontal 
soil ^ipes are especially objectionable ; 
the water closets, baths, bowls and sinks 
should always be located in groups, and 
as near to their respective pipes as pos- 
sible. 

It is désirable to run soil pipes and 
waste pipes in sight, so that they may be 
accessible. I decidedly condemn the 
nsual plan of architects of building re- 
cesses or niches in the walls for pipes. 
The difficulty of caulking the back part 
of pipe joints in this position is very 
great. Wbere objection exists to having 
the pipes in sight, they should be boxed 
up, but I would always insist upon hav- 
ing the cover fastened by screws, which 
can be easily removed, and not by nails. 

Iron soil and waste pipes should be 
supported at distances of not over five 
feet by strong iron hangers or hooks. 

Branch pipes should enter the vertical 
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stack by means of a Y or half Y branch, 
wherever possible ; a right-angled junc- 
tion, by a T branch, is not so objectionar 
ble hère as in the case of horizontal or 
inclined pipes. 

In badly drained houses, with cheap 
plumbing work, it is not uncommon to 
find the joints of pipes made only with 
sand and paper, or with putty, mortar, 
cernent, sulphur and pitch and red lead, 
or other material. Ail of thèse joints 
are worthless, and therefore extremely 
objectionable. 

Joints of iron pipe should be made by 
first inserting a little picked oakum into 
the socket, care being taken that no part 
of this gasket enters the pipe. The 
oakum prevents the molten lead from 
running into the pipe, where it might 
form an obstruction to the flow. Molten 
lead is then poured into the hub, enough 
quite to fill it As lead shrinks in cool- 
ing, it must afterwards be carefully ham- 
mered with a spécial caulking tool, thus 
fiUing the space between spigot and hub, 
so as to make a perfectly gas and water 
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tight joint. In order to be able, at ail 
times, to inspect the joints, it is a good 
practice to leave the caulked lead without 
a cover of paint, cernent or putty, the 
marks of the caulking tool being thus lef t 
exposed to view. 

A tight joint can also be made with a 
mixture of sal ammoniac, iron filings and 
sulphur. Such "rust joints," however, 
are not much used for soi! pipes. 

Where wrought-iron is used for soil 
and waste pipes, the joints are screw 
joints, and can be made tight as in steam 
fitting work. 

When ail the iron piping in the house 
is completed, the tightness of the joints 
should be thoroughly tested, before Con- 
necting the fixtures. The test which is 
mostly used, isthe "water pressure test" 
The end of the iron pipe outside of the 
f oundation walls istightly closed by awood- 
en plug, or better, a dise of india rub- 
ber, which can be squeezed between two 
iron dises. AU branches of soil pipes 
and waste pipes are similarly closed. The 
pipes are then filled with water, which 
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must stand in them for some time. If 
the subséquent inspection shows a lower- 
ing of the water level, there must be a 
leak at some joint, or else some defect 
exists in the iron piping. Of course the 
leak must be f ound and repaired, and the 
test should then be repeated, until ail 
joints are water and air tight. 

An equally reliable pressure test is 
made by using a force pump and a ma- 
nometer. 

For occasional inspections of old 
plumbing work, and in making sanitary 
examinations of houses the "peppermint" 
and the "smoke test" become useful. 
The peppermint test is thus described: 
" When called on to detect a leak in the 
soil pipe of a house, the plumber goes at 
once to the roof, if the soil pipe be car- 
ried above the roof ; if not, he goes to the 
uppermost water closet, and pours into 
one or the other something like an ounce 
of peppermint, and follows it up with 
enough water to insure its being carried 
thefull length of the soil pipe. (The 
top of soil pipe should be closed, in or- 
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der to prevent the oil from escaping into 
the outside air.) "Another man then 
traces the soil pipe from the bottom, 
throughoUt its course; knowing that if 
there is any crevice throngh which sewer 
gas can enter, the pungent odor of the 
volatile essential oil will be readily per- 
ceptible even in the présence of odors of 
a baser kind. Great care must be taken 
not to carry the peppermint about the 
house, otherwise the smell cannot be 
traced to the drains.'* 

Captain Douglas Galton describes an- 
other test thus : " To test the drains the 
fumes of ether or of sulphur may be 
used. If ether is poured down a soil 
pipe the fumes will be perceptible in the 
house at any leaks in the soil pipe or 
failures in the traps. Sulphur fumes may 
be applied by putting into an opening 
made in the lowest part of the drain an 
iron pan containing a few live coals, and 
thro wing one or more handfuls of sulphur 
upon the coals, and closing up the open- 
ing to the drain with clay or otherwise. 
The fumes will soon be very perceptible 
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at any leaks or rat holes in the soil pipe, 
drains or traps." 

The connections between fixtures and 
the soil or waste pipes are made with 
lead pipe, which can easil y be handled, 
and may be bent and eut to soit ail pos- 
sible positions, and requires but few 
joints. It is manofactnred in long coils, 
of ail sizes and of any desired thickness. 
In good plumbing work only heavy lead 
pipe should be used to prevent its being 
quickly destroyed by the corrosive action 
of sewer gas. It is désirable that lead 
pipe should be used as littie as possible 
in concecUed places, as it may be gnawed 
by rats or split by nails through careless- 
ness of carpenters. 

It is not uncommon to find vertical 
waste pipes of lead, as thèse are easily 
placed inside of a partition and covered 
with plaster. But this cannot be regard- 
ed as good practice ; iron for waste pipes 
is decidedly to be pref erred. 

Vertical lines of lead pipe should be 
fastened to boards by soldering hard 
métal tacks to the pipe and screwing 
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the flanges of the tacks to the board. 
Horizontal lines should be continuouB- 
ly supported on boards between joists. 

Lead pipes are mostly joined by what is 
called a "wiped joint." The end of one 
pipe is flanged out so as to form a cup, 
into which the other pipe, the end of 
which should previously be sharpened, is 
introduced. Hot solder is then applied 
to the joint, and wiped around it so as 
to form an oval Jump. 

Where lead pipes are joined to iron 
pipe, the connection should be eflfected by 
means of a brass f errule of the same bore 
as the lead pipe, and soldered to it, wher- 
ever space allows, by a wiped joint. The 
ferrule is introduced into the hub of the 
iron pipe, and caulked tightly with a 
gasket of oakum and molten lead. 

The size of lead waste pipes should be 
as small as is consistent with the office 
which théy hâve to perform. Wastes for 
bath tubs or laundry trays should be 
sufficiently large to empty thèse vessels 
in a short time. 
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The following sizes of waste pipes for 
fixtures sbould be rècommended : 

For wash basins 1}4 inches diameter. 

Porwash basin overflows .IJ^ 

For bath wastes 1}4 

For bath overflows IJ^ 

For wash tub wastes IJ^ 

For kitchen sink wastes . .IJ^ 
For pantry sink wastes . . .IJ^ 
For slop sinks 1 J^to2 * 

Local conditions will, in some cases, 
demand a déviation from thèse sizes. 

ESSENTIAL ELEMENTS OF A SYSTEM OF 
PLUMBING. 

We have thus far considered only the 
material, size, gênerai arrangement and 
manner of jointing the drain, soil and 
waste pipes in a house. We must now 
consider what the essentials of the Sys- 
tem are, in order to secure to the house 
perfect immunity from sewer gas. Brief- 
ly stated, thèse essentials are as folio ws : 
1. JExtensîon of ail soil and waste 
pes through and ahove the roof. 
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2. JProvîding a fresh air inlet in the 
drain at the foot of the soil and waste 
pipe System. 

3. Trapping the main drain outside 
of the fresh air inlet -^ in order entirely 
to excîude the sewer air from the hoicse* 

4. J^roviding each fixture^ as near as 
possible to it, with a suitable trap. 

5. JProviding vent pipes to such traps 
under fixtures as are liahle to be emptied 
by siphonage. 

EXTENSION OF SOIL AND WASTE PIPES. 

The first requirement asks for a verti- 
cal extension of ail soil and waste pipes 
through the roof. This extension affords 
a ready outlet for ail gases that would 
otherwise tend to accumulate inside the 
pipe System. In the case of soil pipes 
nothing short of an extension the fuU 
bore of the pipe will answer this purpose. 
It has been proposed, of late, to enlarge 
the soil pipe from the highest floor to 
the roof to six inches diameter, in order 
completely to prevent any stagnation of 
air in the pipe. Waste pipes shonld be 
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enlarged from the point where they pass 
through tbe roof, to four inches diameter, 
as smaller outlets are liable, in cold cli- 
mates to become obstructed by tbe freez- 
ing of condensed vapor. Plumbers some- 
times use galvanized wrought iron or tin 
pipes for this extension, but this is de- 
cidedly bad practice. It should be of the 
same material as the main soil pipe, and its 
joints should be worked with equal care. 
The extension of soil and waste pipes 
should terminate at a distance from any 
Windows, louvred skylights, or ventilating 
flues, and at least two feet below the top 
of the nearest chimney. It is désirable 
to hâve this extension as high as possible 
above the roof, so as well to expose the 
mouth of pipe to the influence of air 
currents. In order to prevent any ob- 
struction of the soil pipe, plumbers often 
cover the mouth with a return bend. 
This, however, is objectionable, as it in- 
terfères with proper ventilation. Less 
bad is the plan of capping the soil pipe with 
a suitable fixed cowl, such as, for instance, 
Emerson's or Wolpert's ventilator. The 
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beat plan seems to be to do away entdrely 
with any cover to the soil pipe mouth. 
Capt. Douglas Galton, in his book "Con- 
struction of Healthy Dwellings," says in 
regard to this question: "A tube or 
shaft with an open top acts best. It is, 
however, necessary to protect the top to 
prevent rain f rom entering the tube ; but 
a cover tends more or less, according 
to its shape, to delay the current in the 
tube or shaft." Thîs necessity of covering 
ventilating tubes or chimney tops to pro- 
tect them from rain, does not exist in the 
case of soil pipes ; thèse may only want 
protection against malicious introduction 
of stonee or similar articles. Agalvan- 
ized iron, copper or brass wire basket set 
into the mouth of the soil pipe will an- 
swer this purpose. 

There is no doubt that open-mouthed 
pipes hâve a better upward ventilation 
than pipes covered with cowls, if the wind 
blows horizontally or nearly so. Wolpert 
in his *'Treatise on Ventilation and 
Heating " states the average useful effect 
in per cents, of the velocity of the 
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wind, as derived from a number of ex- 
periments, to be: 

68.6 per cent for open-mouthed lubes, 
51.9 per cent, for pipes capped with 

Wolperl's new cowl, 
35.8 per cent, for pipes capped with 

Wolpert*s old cowl, 

for a horizontal direction of the wind. In 
other words, the upward suction in a tube 
without any cowl is in the average équiv- 
alent to over J of the force of the wind, 
blowing over it in a horizontal direction. 
For pipes capped with Wolpert's new 
cowl it is only a little more than ^ of the 
wind force, and for the old cowl it is J of 
it. As an average for other directions of 
the wind Wolpert finds the upward draft 
in pipes covered with his new and old 
cowls to be 51.5 per cent, and 34.5 per 
cent., respectively, of the wind force.* 

♦The current of air in thèse experiments was 
oreated by a powerful fan, the veloclty of the current 
varylng from 8 to 81 meters per second (from 17.9 to 
69.8 miles per hour), équivalent to high wlnds and hur- 
ricanes respectively. The diameters of the cowls 
tested variod from 0.787 to 8.987 inches. It is to be re- 
gretted that the author did not extend his experiments 
so as to include much smaller velocities of current. 
It is very likely that for the latter the percentage of 
useful e£feot of cowls would be much smaller. 
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The resuit of an elaborate séries of 
about 100 experiments upon ventilating 
cowls, made on seven différent days, at 
différent times of the day, and under 
différent conditions of wind and tempér- 
ature, by Messrs. W. Eassie, Rogers Field 
and Douglas Galton, was as follows: 
"After comparing the cowls very care- 
fully with each other, and ail of them 
with a plain open pipe as the simplest, 
and in fact only available standard, 
the sub-committee find that none of 
the exhaust cowls cause a more rapid 
current of air than prevails in an 
open pipe under similar conditions, but 
without any cowl fitted on it. The only 
use of the cowls, therefore, appears to be 
to exclude rain from the ventilating pipes ; 
and as this can be done equally, if not 
more efficiently, in other and similar ways, 
without diminishing the rapidity of the 
current in the open pipe, the sub-com- 
mittee are unable to recommend the grant 
of the medal of the Sanitary Institute of 
Great Britain to any of the exhaust cowls 
submitted to them for trial." 
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FRESH AIR INIiET. 



The second reqtdrement calls for a fresh 
air inlet or fresh air pipe. This is no less 
important than the extension of the soil 
pipes through the roof. In order to ef- 
fect a constant movement and change of 
air in the pipes, two openings are required, * 
an outlet and an inlet. The extension of 
the soil pipe through the roof provides 
only an escape for the foui air gener- 
ated in the soil pipes and waste pipes 
through the décomposition of foui or- 
ganic matter, clinging to the interior of 
pipes and lodging in traps under water 
clQsets and fixtures. But in order to ox- 
idize and thus render harmless this matter 
undergoing putréfaction within the pipes, 
a constant introduction of fresh air from 
the outside atmosphère is necessary. As 
the soil pipe is warmer in winter time 
(being in the constantly heated house) 
than the fresh air pipe, located outside of 
it, an almost continuons upward current 
in the soil pipe results. In summer time 
this current is only seldom reversed ; for 
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as a gênerai mie, the top of soil pipe is 
heated by the sun more than the fresh 
air pipe near the ground. 

There ie a second and almost eqnally 
important reason for providing a fresh 
air inlet, wherever the third requirement, 
the trapping of the drain, has been com- 
phed with. If a water closet is used or a 
pail emptied into a slop sink, the water 
disoharged into the soil pipe acts like a 
piston ; although it is not likely to fill a 
4-inch pipe, it certainly carries the air on 
its course downward with it by friction. 
Thus the descending water drives air be- 
f ore it and ont through the fresh air pipe ; 
if this had not been provided, it would 
very likely force the nearest traps under 
fixtures, and send a puff of sewer gas 
into the living rooms. This reversed ac- 
tion of the fresh air inlet does not occur 
sufficiently often to warrant the appré- 
hension of any danger in the location of 
the inlet. Of course, it should not be 
jboo near undei* Windows of living rooms 
or dormitories, nor should it be placed too 
near the front steps of a city house. A 
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Utile jndgment shonld be exercised in lo- 
cating the fresh air inlet. In cities, hav- 
ing between the honse and the street a 
wide parking, it is beat to boild in this a 
small manhole, at the bottom of which 
the trap and opening for fresh air are lo- 
cated. The top of manhole should then 
be closed with a cover, having numerons 
openings so as to permit the outer air to 
enter the drain freely, and also to pre- 
vent as mnch as possible obstructions by 
snow or ice in winter time. For this 
reason it cannot be recommended to open 
the fresh air pipe into a gully in the side- 
walk, or in the floor of an area. Equally 
objectionable is the location of the fresh 
air pipe in a coal sHde. It seems best to 
carry the fresh air pipe some distance 
away from the house, and this is always 
practicable in the cttse of country houses, 
where the fresh air pipe should prefera- 
bly be hidden from view by shrubbery. 

If the main trap is located inside the 
foundation walls, the fresh air pipe should 
enter the drain just above the titip by a 
T or Y branch. Only in rare cases does 
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it become necessary to carry the fresh air 
pipe vertically upward through the roof. 
This plan would neither be very efficient, 
as the différence in température of inlet 
and outlet pipe wonld be small, nor very 
economical. 

As regards size of the fresh air pipe, I 
would say that nothing short of the di- 
ameter of the iron drain would answer ; 
as this is generally 4 inches in diameter, 
a 4-inch opening for fresh air pipe is re- 
quired. This opening should be pro- 
tected against obstructions by a wire 
basket similar to that used for the upper 
part of soil or waste pipes. 

TBAP ON MAIN DRAIN. 

Our third requirement calls for a trap 
on the main drain between the sewer, 
cesspool or flush tank, and the fresh air 
pipe. A trap is practically a suitable 
bend or dip in the drain, which retains a 
sufficient quantity of water to prevent 
the passage of sewer gas. 

The opinions of experts as to the ad- 
yisability of trapping the main drain are 
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divided, some considering tHe trap nec- 
essary, while others claim it should be 
.omitted. 

The objections urged against the use 
of traps are as follows: 

1. They impede the ventilation of the pub- 
lic sewers. 

2. They form an obstruction to the flow of 
the sewage in the house drain, and are, there- 
fore, the cause of accumulations of foui mat- 
ter in the drain, which by its décomposition 
will generate noxious gases; also 

3. Foui matters will lodge in the trap. 

While the first objection does not 
strictiy belongto the subject of this paper 
I will say that it is accepted by most 
authorities that house drains and soil 
pipes should not be used as ventilators f Oj. 
the street sewers. In exceptional cases 
— such as, for instance, where an entirely 
new sewerage System is built, designed 
and constructed according to uniform 
plans, and where not only the construc- 
tion of sewers, but also the house plumb- 
ing is under constant supervision of the 
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eDgineer and designer of the System* — 
the trap (and consequently the spécial 
fresh air pipe) may, perhaps, be left out. 
But I believe that a proper ventilation of 
sewers can be effectnally carried out with- 
out ventilating through the houses.f 

In regard to the second and third ob- 
jections, I would say that obstmctions do 
not frequently occur if the drain is care- 
fully laid, with sufficient and continuons 
fall to insure a cleanging velocity of the 
flow. If such an inclination cannot be giv- 
en to the drain, proper flushing appliances 
should be used, and thèse will by daily 
or more fréquent washings, insure the 
removal of ail matters liable to lodge in 
the trap. Another most necessary pré- 
caution to prevent accumulations in the 
trap, where the fall is very slight, may h,e 
f ound in the use of a proper grease trap, 
about which I shall speak hereafter. 

* For InstaDoe, at Memphis, Tenn., and at Hamburg, 
Dantzic, Frankf ortK>n-Main, Berlin, Breslau, and other 
places in Oermany. 

t See Mr. Edward S. Philbrlck's articles on " Venti- 
lation of Sewers," in the Sanitary Engineer, Vol. I. 
See also Sanitary Bngineer, Vol. V. Number 12, page 
940. 
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No amount of care in laying the drain 
will prevent its obstruction through care- 
lessly introduced articles; thèse will 
mostly lodge in the trap. A cleaning 
hole should therefore be provided with 
the trap, and is rarely omitted in good 
work, or else a Y branch, closed with a 
trap screw, should be inserted just a little 
above the trap. 

In Vol. m. of the "Sanitary Engi- 
neer" will be f ound a discussion of the ad- 
visability of trapping the main drain. 
My own opinion, as stated in a commu- 
nication to that journal, is as folio ws : 

"If we could hâve idéal sewers, house 
drains and soil pipes, it might, perhaps, 
be possible to dispense with such a trap 
altogether. But since ail sewers may 
haye temporary stoppages from some 
cause, since house drains may settle or 
leak, and joints of soil pipes crack, thus 
allowing sewage matter to undergo putré- 
faction and enter the interior of houses, 
I would in ail cases advise the use of a 
safeguard, consisting in a disconnecting 
trap and a well ventilated soil pipe. This 
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latter arrangement is. a conditio sine qua 
no7i, and rather than hâve a trap without 
ventilation I would advise to hâve nbne 

at ail I would always 

condemn as unsafe a System of house 
drainage in which the public sewers are 

ventilated through the houses 

The work of ventilating public sewers 
should, in my opinion, be done by the 
same public authorities who devise the 
sewer System, and not by the house- 
holders." 

Leaving aside, however, the case of a 
house drain Connecting with a public 
sewer, it seems quite évident that, in the 
case of a house discharging its sewage 
into a cesspool, an effective barrier should 
be imposed to the gases constantly gen- 
eratedin that receiver of ail foulness from 
the household; and equally so in the 
case of a flush tank which temporarily 
holds a large amount of fsecal and other 
refuse matter, which sometimes under- 
goes décomposition. 

The principle of disconnecting each 
house from the street sewer was first ad- 
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Yooated in England, and its importance 
becomes most apparent in the case of an 
épidémie, as by the use of a trap each 
house will be isolated, while if ail houses 
bave an^ open connection with a sewer, 
this and the house drains may become the 
channels for spreading the disease from 
one house to another. It has been said 
by those not in favor of such disconnec 
tion, that the air of the house drain, the 
soil pipe and the branch wastes is much 
worse than that of most city sewers, and 
that consequentlyno harm could be done 
by allowing thesewer to breathe through 
the pipes in the house. Such statement 
may be true in regard to the sewers of 
some cities ; in others, sewers, especially 
if built long ago, are extremely fouL 
But it seems to me that just where the 
air of drains and pipes is foui, it needs a 
strong dilution and purification by 
abundant fre%h air, which an opening to 
the outside atmosphère can fumish, but 
never a direct connection with a sewer. 

An open connection of the house drain 
with a sewer or cesspool is necessarily 
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based upon the condition that every joint 
in the hoase is perfectly tight, and every 
trap perfectly trustworthy. As plumb- 
ing is done in most bouses thèse condi- 
tions are only seldom fulfilled. But even 
where in new work such a standard of de- 
sign and workmanship has been reached, 
the work may not remain so forever. 
It is, therefore, advisable to use a trap 
on the main drain as a saf eguard, but in 
addition to this to insist upon oecasional 
inspections. Thèse become a necessity in 
the case of large buildings, such as 
hôtels, schools, large factories, jails and 
almshouses. 

Incidentally, it should be mentioned 
that a trap on the drain performs a most 
useful office during repairs or altérations 
of the plumbing work in keeping from 
the interior of the building the gases 
from the sewer. 

Much, of course, dépends upon a 
proper kind of trap for such disconnec- 
tion. The old so-called ** cess pool trap " 
is, next to the pan closet and the D- 
trap, the worst device ever proposed in 
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connection with house drainage. As usu- 
ally constructed it is of very large size, 
with square corners, and soon accumu- 
lâtes filth, becoming in a short time in 
reality a cesspool, 

The common running trap, which is 
manufactured in earthenware as well as 
in iron is the simplest and at the same 
time the best of ail forms. It should 
preferably hâve a vertical drop of a few 
inches from the drain to the water Une in 
the trap in order to expel any solids that 
would tend to lodge in it. The running 
trap is often provided with a cleaning 
and inspection hole at the house side of 
the water seal, which serves as a fresh 
air inlet, when the trap is placed in a 
manhole outside of the house. In other 
instances a rain leader is inserted into 
the opening of the trap, which thus re- 
ceives abundai^t âushing at each rain 
fall. The running trap is sometimes 
located on the line of the iron drain, just 
inside of the foundation wall, so as to be 
at ail times easily accessible. A trap, in 
iron, with a cleaning hole and a cover is 
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then nsed. Care should be taken to close 
the cover perfectly air-tight. 

In ail cases the trap should be so lo- 
cated as not to be liable to freeze in cold 
climates or exposed localities. 

In England varions "disconnecting 
traps " haye been nsed, snch as Moles- 
worth's trap, Prof. Reynolds' and Dr. 
Buchanan's disconnectors, Hellyer's 
Triple-Dip Trap, Potfs Edinburgh "air- 
chambered sewer trap," StiflTs "inter- 
ceptor " sewer trap, Weaver's disconnect- 
ing trap, Mansergh's, Buchan's, Banner's, 
Stidder's, Bavin's traps, the "Eurêka" 
sewer air trap, and many others. Ail 
of thèse may hâve certain merits, but 
nothing could be better nor cheaper 
than the common running trap with 
fresh air pipe used almost exclusively 
in American plumbing. 

For those exceptional localities where 
undue pressure in the sewer, from wind 
blowing into the outlet of the sewer, or 
from sudden changes of température 
(when exhaust steam is allowed to enter 
a sewer), or from heavy accumulations of 
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surface waters gorging the sewer, or 
from the action of the tide in tide-locked 
sewers, freqnently forces the seal of the 
trap, two running traps with a proper 
vent pipe between them hâve been rec- 
ommended. I hâve myself, for some 
time, advocated sach an arrangement, 
which, after further expérience, I think 
complicated and unnecessary. It wonld 
require either a pipe extended throngh 
the roof, between the two traps, or else 
an open shaft (a manhole) between them, 
and besides this, in eyery case, a fresh-air 
pipe entering the drain above the upper 
trap. 

TBAPPINO OF FIXTUBES. 

The fourth essential, as stated aboyé, 
calls for a suitable trap, placed as near 
as possible under every fixture. 

As regards this point I cannot agrée 
with the views of Prof. Osbome Beynolds 
of Owens Collège, Manchester. In his 
otherwise excellent httle bock, "Sewer 
Gbis and how to keep it ont of Houses,** 
after explaining the necessity of a dis- 
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Connecting trap on the main drain, and 
giying particolars about its construction, 
he continues: "There will then be no 
need to baye traps within tbe bouse." 

Traps under fixtures become a neces- 
sity, as mucb of tbe so-called "sewer 
gas " is actually generated in tbe drain 
and soil pipes of tbe bouse. Even tbe 
waste from a wasb bowl becomes coated 
in time witb a soapy slime, emitting bad 
odors. Tbe trap on tbe main drain 
-would offer no protection against tbe 
foui gases derived from organic matter 
decomposing witbin tbe pipes. We tbus 
see tbat, wbile some advocate tbe trap 
on main drain, but no traps under fix- 
tures, otbers leave out tbe main trap, 
but trap tbe outlets of ail fixtures. In 
my opinion, botb tbe trap on main drain 
and tbose under fixtures are necessary. 

Traps sbould be located as close as 
possible to fixtures, in order to reduce tbe 
lengtbof waste pipe on tbe bouse sîde of 
tbe trap, wbicb is liable to become foui 
.witb long ufie. Probably tbe best ma- 
terial for traps is lead, as tbis permits of 
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making a good joint with the lead waste 
pipes. As Mr. Helly er has truly pointed 
ont, the jonction of the trap with the 
waste pipe is of far more importance 
than its jonction with the fitting, becaose 
the former is on the sewer side of the 
trap, and, onless properly made, woold 
afiford a passage for gases from the 
waste pipe System into the rooms. 

Whatever kind of trap may be osed 
onder fittings (and there is an endless 
nomber of soch patented devices), it is 
of the greatest importance that the trap 
shoold be seîf-cîeandng; for this reason 
traps with sqoare corners or large 
spaces, liable to accomolate dirty matter, 
are objectionable. Moch dépends on a 
proper size of traps for waste pipes : the 
smaller the trap the better will it be 
washed clean. As a good rôle I woold 
recommend to choose a trap a qoarter or 
half an inch smaller than the diameter of 
the waste pipe, to which it is attached. 
The floshing stream is thas concen- 
trated, and its scooring power increased 
within the trap, while on the other hand 
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a trap an ÎDch larger than the wastepipe 

is sure to fill up in Urne with sédiment. 

The foUowing will serve as a guide : 

Traps under water closets with 4 Id. soil 
pipe should be 3i in. to 4 îd. diameter. 

Traps under wash basins with 1^ in. to li in. 
waste pipe should be 1 in. to 1^ in. diameter. 

Traps under bath and foot tubs with li in. 
waste pipe should be IJ in. diameter. 

Traps under laundry tubs with li in. to 2 in. 
waste pipe should be IJ in. to li in. diameter. 

Traps under sinks with 1^ in. to 2 in. waste 
pipe should be 1^ in. to 1^ in. diameter. 

Traps under slop sinks with 2 in. to 3 in. 
waste pipes should be 1^ in. to 2 in. diameter. 

As regards the proper dip of traps I 
would say that traps under thosé fittings 
which receive solids (water closets) should 
not hâve a greatèr dip than IJ to 2 
inches, because otherwise the solids are 
not readily removed, and lodge. in the 
trap. For traps of minor wastes a larger 
dip or "water seal " is advantageous, as 
affording a protection against loss of 
seal through evaporation, siphonage or 
back pressure. 

Traps may be classified according to 
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the means used for the exclusion of gases 
into: 

1. Water-aecU trapê. 

2. Mechanieàlirapit, 

The characterîstic of ail water-seal 
traps is that they haye in their lowest 
part a bulk of water divided by a dip in 
the pipe, so as to stand on the house side 
as well as on the sewer side one or sev- 
eral inches higher than the lowest point 
of the dip, thus making a seal which, 
under ordinary circumstances, prevents 
the passage of gases. 

The traps of the second class hâve, in 
addition to the water-seal, a mechanical 
contrivance such as âoats, balls, valves, 
flaps, &c., to exclude sewer gas. 

Of water-seal traps I mention the bell 
trap, Autill's trap, the old fashioned B- 
trap, the bottle or round trap, A.dee's trap, 
the Climax trap, the common S-trap, P- 
trap and three quarter S-trap. There 
is an endless variety of mechanical traps, 
amongst which I mention Bower*s trap, 
Cudell's trap, Gktrland's trap, Buchan's 
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<a»p, Waring's check valve, Nicholson's 
mercury seal trap, and others (see Fig. 
2.) 

The bell trap A is objectionable on ac- 
count of insufficient water seal and im- 
proper shape. It is frequently found at 
the outlet of sinks and yard gullies, and 
being in its upper part a movable strainer, 
it is often lifted by servants or thought- 
less persons, and the gases from the 
drain pipe thus enter the house freely. 

Antill's trap B avoids this defect, hav- 
ing Q,Jixed strainer, but is objectionable 
on account of shape and small water- 
seal. 

The D-trap C and the bottle trap D 
constitute small cesspools ; they violate 
the principle that a trap ought to be self- 
oleansing. The D-trap accumulâtes dirt 
and grease in the upper corner, which 
receives no scouring from the water pass- 
ing through the trap; and the bottle 
trap very often chokes up as shown at E. 
A round trap of improved shape is shown 
at F, which may keep cleaner on account 
of its round bottom. 
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Adee's trap Q is little better in tbis 
respect, though it bas tbis to recommend 
it tbat it is not so easily sipboned, baving 
a large air space abpve tbe water, and a 
large body of water in Ibe trap. Tbis is 
also true of tbe round trap, wben new 
and clean ; wben cboked witb grease as 
sbown at E, it is as mucb liable to sipbon- 
âge as tbe 8 trap. 

Tbe GHmax trap, H, bas a large dip and 
a round cup at its bottom, whicb is re- 
movable for cleaning purposes. Its ré- 
sistance to sipbonage is not greater tban 
tbat of any of tbe otber traps, or tbat of 
tbe common S-trap witb same deptb of 
water-seal. 

Tbe P-trap I, and S-trap J, are sbaped 
80 as to be perfectly self-cleansing wben 
adapted in size to tbeir waste pipes. 
Tbey are of uniform diameter tbrougb- 
out, bave no nooks or corners to accum- 
olate dirt. Tbe old band-made S-traps 
witb seams bave been superseded by 
lead traps cast in a moold sucb as tbe 
Du Bois traps. As regards cleanliness 
tbese traps are undoabtedly superior to 
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ail other traps of which I hâve knowledge. 
They cannot, however, be relied upon to 
•exclude sewer gas, as theîr water-seal is 
frequently destroyed either by siphonage 
or by evaporation. They are shown in 
Fig. 2, with a vent pipe attached at the 
highest bend of the trap on the sewer 
side pf the seal. The object of this vent 
pipe is to prevent siphonage, as will be 
explained hereafter. 

Bower's trap is shown at K. This trap 
has a water-chamber into which the pipe 
from fitting enters at the center, and an 
outlet pipe on one side. The mouth of 
the inlet pipe is sealed by the water in 
the chamber, but in addition to this a 
floating bail of india-rubber in the water 
chamber is held tightly against the 
mouth of the inlet pipe, forming a seal, 
which, however, dépends on the quantity 
of water in the chamber. The water, in 
passiDg through this trap, removes the 
bail from its seat and rotâtes the same, 
thus keeping it clean anà free from mat- 
ters adhering to it. An additional ad- 
vantage of this trap lies in the bail, which, 
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being compreseible, allows the water in the 
chamber to freeze without danger of the 
borsting of the cup. Unless the soil pipe 
is extended full size tbrough the roof 
this trap may hâve its water lowered by 
siphonage so much that the bail will 
drop froin the mouth of the inlet pipe, 
but with proper ventilation of soil and 
waste pipes it f orms an efficient trap for 
wash bowis, tubs and sinks, although itis 
not as self-cleansing as the common 
S-trap. 

Waring's check-valve is shown at O. 
This valve forms a seal by its weight, 
and the seal is dépendent upon the ac- 
curacy of the tumed seat. Hair and 
particles of other matters may adhère to 
it and prevent a tight shutting of the 
valve. 

Cudell's trap L and Buchan's trap M are 
constructed much upon the same princi- 
ple, but hâve a heavy metallic bail instead 
of a conical-shaped valve. This bail may 
keep cleaner by being revolved, but in 
this case, as above, the tightness of the 
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seal will dépend upon the accuracy of 
tnming the seat. 

Nicholson's mercury-seal trap N has 
an inverted porcelain cup inside of îts 
cylinder, the edge of whioh resta on mer- 
cury, forming a tight seal. The cup is 
lifted, at each discharge, by the force of 
the water entering at bottom of cylinder; 
after ail water has passed from the basin 
the cup falls back in its place. This trap 
is generally made of earthenware with 
brass couplings ; it is therefore a more 
expensive trap, but the mercury seal very 
efficiently prevents the entrance of sewer 
air, even if the water in the cylinder 
shonld be removed by siphonage or evap- 
oration. 

VENTINO or TRAP8. 

.The Jifth requirement asks for a proper 
vent pipe for such traps under fixtures as 
are hable to be siphoned. This siphon- 
age conltitutes in many cases a danger, 
but especially so with S-traps. Traps 
may be siphoned under the f ollowing con- 
ditions : 
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1. Traps with an easy bend, on a 
rather steep line of waste pipe, and with 
small depth of seal, are liable to empty 
themselyes by themomentmn of the water 
rushing from the fitting through them. 
The air in the npper bend of the trap is 
expelled and replaced by water, which 
causes the trap to act as a siphon. When 
the fitting has discharged ail its water, 
and air breaks the siphon, the water in its 
inner limb will mostly drop back into 
the trap, but in case of a siûall dip it 
would be insufficient to seal the trap. 
XJnless a slow after-âush takes place the 
trap remains unsealed. 

2. Traps under fixtures may be si- 
phoned by a flow of water coming from 
another fitting on the same branch waste 
pipe. 

3. Traps may basiphoned by a dis- 
charge — from a water closet, a tub, or 
from a pail of water from a slop sink — 
into the main soil pipe, to wlfich the 
branch waste of the trap is connected. 

To guard against the firat danger the 
dip or water seal of the trap should be 
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as great as possible; bai, even then a 
spécial vent pipe will often be necessary, 
attached to the highest part of the bend 
in the trap on the sewer side of the water- 
seal, or else a mechanical trap shonld be 
nsed. 

To gnard against the second danger 
the trap of* each fixture shonld be yented ; 
wherever possible, each fixture shonld 
discharge independently into the soil 
pipe, thns reducing the danger from 
siphonage to cases 1 and 3. 

l'he third danger from siphonage by a 
discharge into the main soil pipe, either 
above or bôlow the point where the waste 
from the trap enters it, will in some cases 
be sufficiently prevented by the complète 
and thorongh ventilation of the soil pipe. 
In many cases, however, the venting of 
the trap becomes necessary. 

Where a number of water closets dis- 
charge into the same inclined branch of a 
soil pipe the air-vent to the water closet 
trap becomes necessary, especially so with 
water closets, discharging qoickly a large 
body of water, snch as the varions pat- 
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tems of the plonger closefcs (Zane, Dem- 
arest, Jenniogs) and Bome of the " wash- 
ont " closets. 

Where slop hoppers are trapped by an 
S-trap, this musfc be properly goarded 
against siphonage, as the trap is very 
likely to lose its seal f rom the momentom 
of the water rushing through it each time 
a pail of slops is quickly emptied into the 
sink. 

The material most suitable for ahr pipes 
is lead, as such pipes are easily joined to 
lead traps. Sometimes wrought-iron 
tubing is used, and, since the vent pipe is 
not so much intended for carrying off f ool 
gases [which office is perf ormed by the ver- 
tical extension of ail waste pipes through 
the roof] as to afiford a passage to air in 
order to break the suction, they may be 
saf ely used. Care should be taken to lay 
thèse pipes with a slight inclination, in 
order to prevent accumulation of water 
from condensation in the pipes. Vent 
pipes for fixtures on différent floors may 
be joined, if convenient, and may enter the 
soil pipe above the highest ûxture. But 
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it is préférable to run them to a main 
vent pipe of lead, or better, cast iron, 
which goes through the roof independ- 
ently. Where this passes through the 
roof it must be enlarged to 4 inches diam- 
eter, as it might otherwise be obstructed 
by ice in winter time. It should not be 
covered at the top with any kind of ven- 
tilator. The size of the vent pipe should 
never be less than that of the trap, except 
for water closet traps, where it should 
be 2 inches in diameter, but in the case 
of two or more water closets it should be 
3 inches and sometimes even larger from 
the point where the varions vent pipes 
join 

It is often not only costly but also in- 
convénient to run vent pipes to the roof. 
There is also some danger that the vent 
pipes for traps under. tubs, sinks and 
bowls may stop up with soapsuds or 
grease, in which case they would cease to 
act properly. The continuons current of 
air in the vent pipe, in passing over» the 
water in the trap, will tend to increase 
its evaporation. Finally it becomes nec- 
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essary in the case of high buildings, 
largely to increase the diameter of vent 
pipe in order to make np for the losB 
through friction necessarily occorring 
with long air pipes. Therefore, while I 
consider vent pipes for traps a necessary 
evil in many cases, I am inclined, in other 
cases, to prefer a good mechanical trap, 
which cannot be siphoned, provided the 
soil and waste pipe System has ample 
ventilation. Such mechanical trap may 
be nsed nnder sinks, tnbs and bowls; 
but for water dosets and slop hoppers 
(if withont a strainer) the simple lead 
water seal trap with vent attaohed is the 
only safe deyice. 

EVAPORATION OF WATEB IN TRAPS. 

Nothing short of continuons use of the 
âxtures will prévint evaporation of the 
water in traps. A large dip is recom- 
mended for traps on waste pipes to guard 
against a rapid loss of the seal. When 
a house will be lef t unoccupied for a long 
time, but especially dunng the hot sum- 
mer months spécial précautions should 
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be taken to prevent sewer gas from en- 
tering the rooms and saturating carpets* 
wall-papep and fomiture. Beplacing the 
water in traps with oil or glycérine may 
be recommended, or else the use of com- 
mon rock sait which attracts Bofficient 
moisture from the atmosphère to make 
up for the loss by evaporation. 

ABSORPTION OF GASES BY THE WATEB IN TBAPS. 

It is well known tbat water has the 
property of absorbing gases, and it was 
believed that the water in traps wotQd 
readily absorb sewer air from the soil 
pipe and give it off at the house side of 
the trap by evaporation. It has also 
been asserted that microscopic organisms 
(germs of disease) âoatdng in gases of 
decay wotdd pass through the dip of the 
water-seal and enter the' house through 
the fixtures, and that consequently the 
water-seal of traps offered no security 
against the invasion of sewer gas. Dr. 
FergUs, of Glasgow, Scotland, was the 
first to call attention to this matter, and 
made an extensive séries of experiments 
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in 1873-74, which led him to condemn 
as unsaf e the System of water carriage in 
gênerai, and the trapping of fixtures. 
The yiews of sanitarians, based upon Dr. 
Fergus' expérimente, hâve been much 
modified by récent expérimente of Dr. 
Carmichael, of Glasgow, by researches of 
Dr. Frankland in London, Wemich and 
Naegeli in Germany, Prof. Kafael Pum- 
pelly and Prof. Smyth in Newport, R. Lj 
and others. 

Dr. Fergus' expérimente were made 
with gases in a concentrated condition, and 
as such are qiiite as reliable as the more 
récent experiments. But the latter more 
closely resemble actual cases, being made 
by experimenting directly with soil pipe 
gases. Referring to what has been said 
about sewer gas, it will be seen that am- 
monia, sulphuretted hydrogen and other 
gases of decay are présent in drains and 
soil pipes only in minute quantities. Dr. 
Carmichael found that the amount of 
thèse gases passing through a water-seal 
trap was so extremely small that no dan- 
ger could be apprehended. With a thor- 
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oughly yentilated System of soil and waste 
pipes this penl may be taken as insignifi- 
cant. 

Another set of experiments by Dr. Car- 
michael, made to détermine the passage 
of germs through water, seems to indi- 
cate that germs, even if contained in the 
water of traps, are not liberated from it, 
as was hitherto supposed, unless the water 
is violently agitated. Frankland in Eng- 
land, Naegeli in Germany and Prof. Pum- 
pelly in Newport, R. I., arrived at the 
same conclusion, after careful investiga- 
tions and experiments. 

Dr. Carmichael sums up his conclu- 
sions by saying: "Water traps are, 
therefore, for the purpose for which they 
are employed, that is, for the exclusion 
from houses of injurions substances con- 
tained in the soil pipe, perfectly trust- 
worthy. They exclude the soil pipe at- 
mosphère to such an extent that what es- 
capes through the water is so Httle in 
amount, and so purified by filtration, as 
to be perfectly harmless ; and they ex- 
clude entirely ail germs and particles. 
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inclnding, without doubt, the spécifie 
germs or contagia of dîsease. . . . ." 
Further scientific researches will tin- 
doabtedly throw more light on this yet 
little inyestigated snbject. 

TRAPS FOftCED BT BACK PBBSSUBE. 

It bas already been .explaîned how traps 
tmder fixtures may be forced by back 
pressure., This cannot, however, occur 
with traps tinder fixtures, if ail soil and 
waste pipes are properly extended through 
the roof, and provided with a fresh air 
opening at their foot. 

BRANCH WASTES FROM FIXTUBES. 

Fixtures are connected to the soil and 
waste pipe System by branch wastes car- 
ried under the floors. The material used 
almost exclusively for such branch wastes 
is lead, and the sizes adapted to différent 
fixtures hâve already been stated. The 
connection is very simple in the case of 
a single fixture, such as a kitchen sink, 
or a lavatory. The problem becomes 
more intricate in the case of a set of 
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ôxtures, sucli as are generally located m 
a bath or dressing room. A bath room 
of the better clasff of city houses contams 
a watercloset, a bath tub, and alavatory, 
sometimes also a bip -bath or bidet. It 
is désirable that each of thèse fixtures 
should hâve a separate connection to the 
soil pipe. Such is seldom possible, ex- 
cept when the soil pipe is located in a 
spécial shaft, or where it is possible to 
conceal the pipe and Y branches by a 
" false ceiling," as the height of timbers 
does not generally allow of the placing 
of more than one Y branch. 

A very common, but most defective 
manner of overcoming the difficulty is by 
emptying the wastes of bath tub and 
bowl iûto the water closet trap below its 
water line, supposing the water closet to 
be of such type as requires a lead trap be- 
low the floor. As the waste pipes hâve 
only a slight fall to the trap, the water 
of the latter, which frequently holds ex- 
cremental matter, will stand for a long 
distance back in the waste pipe and keep 
it continually foui ; the free flow from 
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the bath and bowl is much retarded, the 
waste being air-bound between the water 
closet trap and the traps of bowl and 
bath. Matters are even worse, when the 
water closet trap is meant to serre also as 
trap for the bowl and bath, thèse haTÎng 
no traps placed under them. The foui 
water standing back in the waste pipes 
will then readily evaporate into the dress- 
ing room, and ôll it with noxious ôdors. 
MoreoY^, it f requently happens that this 
trap becomes displaced by tipping over, 
or that the waste pipe attached to the 
trap sags, so as to render the water-seal, 
which is rarely over an inch in depth, in- 
effective. It wlll be readily understood 
how, under such circumstances, the foui 
gases of the soil pipe — especially if this 
be unventilated, as is so of ten found in 
examining old houses — ^gain an easy ac- 
cess into our rooms« Should the main 
drain hâve an untrapped connection to a 
sewer or cesspoQl, the gases from thèse 
would ascend and permeate the whole 
building. Such instances of faulty work 
are by no means rare, and are causes 
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of much preventible headache and sick- 
ness. 

To mn such wastes into the water closet 
trap above its water line is equally wrong. 
Where the water closet is some distance 
away from the soil pipe, it is possible to 
insert between its trap and the junction 
with the soil pipe, on the horizontal part 
of the soil pipe, two 4" X 2" Y branches, 
or else one double Y branch for bath 
and bowl wastes. Where the water closet 
is quite near the soil pipe, and the Con- 
necting pipe between them is of lead, the 
wastes from bowl and bath may join the 
latter beyond the trap. Wherever there 
is room enough, a 4" X 2" double Y 
branch may be inserted vertically below 
the water closet branch on the soil pipe, 
or else one 4"x 2" Y for bowl above 
the water closet branch, and a 4"x2" Y 
below it for the bath waste. It seems 
désirable that the iron works should 
manufacture a combined Y branch, having 
a 4-inch opening for the water closet 
waste, and one or two 1^ to 2 inch open- 
ings for the smaller wastes. 
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Long lengths of waste pipes iinder 
floors areobjectionable; to avoid them it 
is ^ometimes better to provide a spécial 
stack of IJ to 2 inch vertical iron waste 
pipe near lavatories or baths, wheçe thèse 
are remote from the main soil pipe. 

It is customary to provide bath tubs, 
wash bowls, and pantry sinks with an 
overflow pipe, in ôrder to prevent flood- 
ing of floors, if the outlet of any of thèse 
fixtures should be closed by a plug, and 
a faucet carelèssly left running. Thèse 
overflow pipes should enter the waste 
between the fixture and its trap, or else 
they should enter the trap below* the 
water Une, so that the trap serves for both 
waste and overflow. Overflow pipes do 
not receive a thorough flushing, and are 
liable to become foui with soapsuds, 
emitting unpleasant odors. For bàths, 
fortunately, the overflow pipe can be 
safely dispensed with by using the stand- 
ing overflow, for bowls those with " pat- 
ent overflow," i.e., a çoncealed channel in 
the earthenware bowl, hâve the length of 
overflow reduced to a minimum. 
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A set of laundry trays is generally 
trapped by only one trap, thus leaving a 
long lengtix of waste pipe in connection 
with the air of the room. I believe, how- 
ever, that such wastes, properly restricted 
in size, and laid with snffîcient inclina- 
tion, can be kept well flushed and clean, 
and therefore unobjectionable. 

In the case of a set of water closets or 
urinais I consider it imperatiye to hâve a 
separate trap under each fixture. 

It is of the utmost importance that the 
connection bétween water closet and soil 
pipe should be absoluteli/ tight The 
différent types of water closets are pro- 
vided at their outlets either with a lead 
trap under the floor, or else they hâve a 
trap of iron or earthenware, as the case 
may be, above the floor, or they are so- 
called ** trapless " closets, in which case 
the only water-seal against gases is 
formed by the water held in the bowl 
(either by a valvie, pan or plunger, or by 
a spécial shape of the bowl). For water 
closets having a lead trap under the floor 
a brass ferrule is connected by a wiped 
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joint to the end of thé trap, and the fer- 
rtde iB ineerted into the hub of the iron 
soil pipe, and caniked tightlj. Thehoose 
end of the lead trap is flanged ont, and the 
earthenware or iron hom of closet insert- 
ed into it, resting with its horizontal 
flange upon a ring of soft india-rabber, 
or of oakum, satorated with red lead. 
Wood screws, drawn throogh the hori- 
zontal âange into the floor, tighten the 
connection. 

In the case of trapless closets aùd such 
with trap above the âoor, the outlet is 
generally connected by a lead thimble to 
the soil pipe in the same manner as just 
described for lead traps. 

Such a connection is in neither case a 
perf ect one. But in the case of closets 
with trap under the floor, this connection 
is on the house side of the trap, and the 
danger from leakage of sewer gas from 
the soil pipe is prevented by the water 
seal. With trapless closets (such as 
some pan closets, yalye closets and 
plnnger closets), with closets haying 
trap above floor (short hopper, some 
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plnoger dosets), and finally with ail 
^^waahont" ôlosets such a connection is 
dangerooB, and a better joint tban is 
nsed at présent shotQd be devised, such 
as, for instance, a connection by means 
of a brass ferrole between water closet 
ontlet and iron soil pipe. 

SAFJ&-WA8TES. 

In order to prevent tlie flooding of 
floors and ceilings, fixtores, such as 
wash bowls, bath tubs, water closets, etc., 
are mostly lined with a safe of sheet 
lead,* proyided with a waste pipe. In 
badplombing work thèse "drip pipes" 
are eitber joined into the nearest soil or 
waste pipe — often even withont a trap— 
or else, in the case of water closet safes, 
are made to ron into the water closet trap. 
Such drip pipes shotQd not be connected 
at ail to the drainage System. They 
shocdd fan yertically downward to the 
cellar, and open either over a sink, or 
terminate at the cellar ceiling. ShotQd 
it be feared that the drip pipes might 
become the channels for leading the œl- 
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lar air into the upper rooms, their mouths 
shotQd be closed with papesr, glued over 
them, or the pipes shotQd hâve an up- 
ward bend, closed by a bail, which is 
prevented from dropping by wire bands. 

BAIN LEADEBS. 

Bain-water pipes may be of galvanized 
wrought-iroD, or of tin ; when laid inside 
of a house they should be of cast iron 
and their joints treated in ail respects as 
those of soi! pipes. Before joining the 
house drain they shoold be trapped, if 
such junction is made beyond the • main 
running trap of the drain, and the trap 
of the leaders should be sufficiently deep 
in the ground to prevent the water from 
freezing. If rain leaders join the drain 
inside of the house they should not hâve 
a spécial trap, unless their top opens 
near dormitory Windows. Sometimes a 
leader delivers into the main trap of the 
drain, and thus helps to clause the trap. 

Bain leaders should never be used as 
soil pipes nor should they be solely de- 
pended upon to yentilate the drain ; and. 
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on the other hand, soil pipes ehotQd 
never be used to carry rain water from 
th roof. 
In making a sanitary examination of 
the Executive Mansion at Washington, 
under direction of Col. Geo. E. Waring, 
Jr., the writer had occasion to see an in- 
stance of the violation of this rule. The 
main soil pipe in the building was a 10- 
inch (I) cast iron pipe, which served the 
double purpose of receiving the discharge 
from three water closets, a urinai, a slop 
sink and sorne wash bowls and bath tubs, 
and also ail the rain water from the large 
roof. At each rain-fall this large pipe 
received ample flushing, but in times of 
prolonged droughts its inner walls be- 
came thoroughly slimed and foui with 
excremental and other matter. In times 
of violent rain storms the water rush- 
ing down the 10-inch pipe and passing 
the branch wastes, very likely siphoned 
ail water out of tlje traps, thus leaving 
the house unprotected against the foui 
gases of the soil pipe. 
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OISTEBN OYEBFLOW PIPES. 

Both under^grotmd cistems and cis- 
tems in the attic of a house shoold be 
provided with an overflow. The usual 
custom has been to connect this overflow 
pipe to the drain, or, if inside a house, to 
the soil pipe. In conséquence of this 
most pemicious practice the water was 
contaminated, and since water is known 
to be a carrier of disease germs not less 
so tban the air, sickness and deatbs were 
traced to this faulty arrangement. 

No overflow f rom a cistem for cooking, 
washing or drinking water should be con- 
nected to any part of the drainage Sys- 
tem under any circumstances.- Even if 
properly trapped the danger is not re- 
moved, as the water in this trap évapo- 
râtes, and as an overflow seldom occurs, 
no water refllls the trap, and drain air 
passes freely into the tank. This over- 
flow should be made to run into the gut- 
ter of the roof, wherever this is practica- 
ble. In cold climates or in exposed 
places its outlet should be protected by 
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a flap-yalve. If, for some reasoD, the 
above course cannot be followed, the 
overflow should discharge over an open 
sink in the basement or cellar. If the 
dsten} is located outside of the house, the 
overflow should be carried to some low 
point, where it should hâve an open out- 
let. Blow-offs for water-tanks should be 
treated similarlj to the overflow-pipe. 

BEFBiaBRATOB WASTES. 

It is not safe to hâve a direct connec- 
tion between a refrigerator waste and 
drain or soil pipes, for reasons given 
above for overflows of cisterns. Small 
refrigerators may waste into a pail to be 
removed and emptied periodically. 
Wastes from large refrigerators should 
empty over an open cup with a waste at 
its bottom, provided with a reliable 
mechanical trap and connected to the 
nearest soil pipe or drain. 

DRÂINAOE OF OSLLABS, . 

It remains to discuss the proper 
method of removal of excessive moisture 
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from the soil under and around a dwell- 
ing. Unless this is properly attended to, 
cellars of houses will be continually 
damp, the brick or stone walls will 
readily absorb the moisture by capillary 
attraction and an excess of watery vapor 
will fill the house. The well known re- 
searches of Dr. Bowditch of Massachu- 
setts, and of Dr. Buchanan in England, 
hâve clearly estabhshed the relation of 
excessive soil moisture to certain diseases, 
notably consumptioriy bronchitis, pneu- 
monia and other diseases of the lungs. 

Dr. Parkes, in his admirable "Manual 
of Practical Hygiène" speaks about 
diseases connected with moisture and 
ground-water as follows : *' Dampness of 
soil may presumably affect health in two 
ways— (1) by the efifect of the water, per 
se, causing a cold soil, a misty air, and a 
tendency in persons living on such â soil 
to catarrh and rheumatism ; and (2) by 
aiding the évolution of organic émana- 
tions. The décomposition which goes 
on in the soil is owing to four factors, 
viz.: présence of decomposable organic 
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matters (animal or vegetable), beat, air 
and moisture. Thèse émanations are at 
présent known only by tbeir effects ; tbey 
may be mère chemical agencies, but more 
probably tbey are low forms of life wbicb 
grow und propagate in thèse conditions. 
At any rate, moisture appears to be an 
essential élément in tbeir production. 
The ground-water is presumed to affect 
health by rendering the soil above it 
moist, either by evaporation or eapillary 
attraction, or by altemate wettings and 
^ryings. A moist soil is cold, and is 
generally believed to prédispose to rheu- 
matism, catarrh and neuralgia. It is a 
matter of gênerai expérience that most 
persons feel healthier on a dry soil." 

In order to keep the level of the sub- 
soil water below a certain depth artificiel 
channels should be provided, laid at that 
depth and sloping towards some proper 
outlet which will remove ail surplus 
water. Thèse channels, which carry off 
only clean water, are also called drains 
-(this being the original meaning of the 
Word). 
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Under the foundation walls of the 
house trenches dug for this purpose 
should be filled with loose or broken 
stones. Drains (common tiles) should 
be placed two or three feet below and 
under the cellar floor, with open joints, 
care being taken to prevent any intrusion 
of earth at the joints, by wrapping tarred ' 
paper or strips of cotton around them. 
The drain can then be covered up and 
buried. The size of the tile drains will 
dépend on the character of the soil. As 
a gênerai rule l|-inch tiles are quite suf- 
ficient, except in the case of a spring in 
the cellar, when it may be necessary to 
use pipes of 2 inches and sometimes even 
larger sizes. 

The only difficulty, from a sanitary 
point of view, consistsin finding a proper 
outlet. If the house is a country rési- 
dence with ample ground around it, and 
especially if the land is not level, but 
slopes to some distant valley or creek, it 
is very easy to continue the main cellar 
drain with a sufficient pitch to some gut- 
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ter or open ditch, into which it may dis- 
charge. 

The case becomes difficult with city 
houses, on narrow lots, with no other 
outlet available but the sewer under the 
street. A direct connection between the 
cellar drain and the sewer is forbidden 
for well-known reasons, and even the 
interposition of a water-seal trap may 
not be regarded as a sufficient safeguard, 
for during periods of droughts the water 
évaporâtes, allowing the gases from the 
sewer to pollute the ground under the 
house. 

The drain should run into a mason's 
trap, with deep water-seal, and fiUed with 
coarse sand or fine gravel, and before 
joining the sewer the drain should be 
trapped by a running trap, into which, 
if practicable, a leader should discharge. 
Another arrangement îs to trap the cellar 
drain, and to provide an outlet for gases 
which may force the trap, by a vertical 
pipe, on the house side of the trap, and 
opening on the surface of the ground. 
This is sometimes done when the sewer 



dby Google 



110 

is in an alley at the rear of the house, 
and an open yard golly may be con- 
nected to the vertical vent pipe to supply 
the running trap with water. 

It is equally important to hâve a dry, 
impervious floor in the cellar, which can 
be secured by first laying a base of con- 
crète, upon which a layer of about J inch 
of asphalfcum shoold be placed. This 
makes the floor practically impervious. 
It should then be properly finished with 
a layer of best Portland cernent. 

DAMPNESS OF WALLS. 

In order to prevent dampness of walls, 
that part of the wall bel»>w the level of 
the ground should be constructed witÊ par- 
ticular care. Nothing will better prevent 
dampness in walls than a " damp course " 
of some impervious material. Asphaltum 
is probably best for this purpose, thôugh 
layers of slate in concrète or damp proof 
tiles are very efficient. If at ail practi- 
cable there should be a dry area ail around 
the foundation walls in order to prevent 
any dampness in the walls originating 
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from the earfch surrounding it at the 
aides. If such an area cannot be provided 
a double wall with an airrspace between 
inner and outer walls should be used. 

SYSTEM 'OF HOUSE DRAINAGE. 

Fig. 3 represents a section throngh 
a dwelling house, illustrating the essen- 
tial éléments of a System of house drain- 
age. 

A is the gravel trap, into which the 
j3ubsoil drain B discharges, and which 
serves to prevent the gases from the 
sewer from entering the drain tiles and per- 
meating the cellar. The drain B for cellar 
drainage should be of common li-2-inch 
tile drains, laid with open joints, around 
which tarred paper or cotton rags may 
be wrapped to prevent any stoppage of 
the tiles from dirt falling in at the 
joints. 

C is the house drain, whicn should con- 
sist of 4-inch vitrifiçd pipe with well ce- 
mented joints to within 10 feet from the 
cellfir wall. D is the running trap on the 
main drain to disconnect the house from 
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the sewer. Into it the rain leader X dis- 
charges. E is à Y branch, closed with a 
brass trap screw, for cleaning purposes. 
F is a fresh air pipe, 4 inches in dittmeter, 
entering the house drain above tl^e trap, 
and carried some distance away from the 
house, its mouth being hidden from view 
by shrubbery, and covered with a wire 
basket for protection against obstruc- 
tions. 

G is the 4-inch house drain, of heavy 
iron pipe, with well caulked lead joints, 
carried with sufScient fall along the cel- 
lar wall to the furthest point, where it 
receives either a soil pipe or a rain 
leader. 

H H are the 4-inch iron soil pipes, 
which join the iron drain in cellar by Y 
branches and eighth bends. They are ex- 
tended full size through the roof, and 
their outlete I I are protected by a 
strong wire basket. 

J is a small refrigerator which wastes 
into a movable pail. K is the large tank 
in attic, which is suppHed through a ball- 
cock from street pressure. Its overflow 
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pi^e L is shown trapped by an S-trap 
with deep eeal, and emptying into the 
glitter of the roof. The blow-ofif N 
ffom tank runs down vertically and de- 
livers over the kitchen sink. 

M M are small cistems for flushing the 
water closets and slop hopper onlu. 

O O are earthenware wash bowls with 
l^-inch waste pipes and overflow pipes of 
lead, trapped by Cudell's or Bower's 
traps, and delivering into 4" X 2" Y 
branches of soil pipes. 

P is a pantry sink, of heavy tinned and 
planished copper, with overflow and 1|^" 
waste pipe of lead trapped by a Bower s 
trap and entering a Y branch of soil pipe. 

Q are cernent stone or ceramic wash 
tubs, with l)^" waste pipe, and trapped 
by a Bower's trap. 

R is an ail -earthenware flushing-rim 
slop hopper, trapped by a vented S-trap, 
and flushed from a spécial cistern. 

S is the kitchen sink, of galvanized or 
enamelled iron, or of earthenware, trapped 
by an IJ" Bower s trap with 1^" lead 
waste pipe. 
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T is a bath tub, of enamelled iron, 
or heavy planished copper or of porce- 
laîn. It is provided with a standing 
waste, and trapped by an IJ" Cudell 
running trap. 

T' is a small bip batb, of copper, pro- 
vided with overflow and 1^" waste pipe, 
trapped by a vented S-trap. 

V is a 2 inch air pipe to prevent the 
siplionage of traps. It is extended 
thfough roof, and enlarged to a 4:-incb 
outlet, which should be left without any 
other coyenng than a wire basket. Into 
this air pipe enter the vent pipes from S- 
traps under slop hopper, water closet and 
hip bath. 

WWW are water closets, the types 
shown being the long and short hopper 
and the washout closets. Each of thèse 
is provided with a spécial flushing cistem 
M M M. 

X X is a rain leader delivering the water 
into the running trap of the house drain. 

Y is the blow-off from the boiler, which 
wastes into a Y branch of the iron drain, 
in cellar. 
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The System described and illustrated 
differs from the méthode of house drain- 
age as practiced in England in one essen- 
tial point. There, it is the rule to keep 
soil pipes sepa]:ate from waste pipes, to de- 
liver to the former, in the words of Prof. 
Fleming Jenkin, '*such foui matters as 
would certainly be tainted when conta- 
gions disease occurs in the house," in 
other words, the "waste water from water 
closets, urinais, slop sinks and probably 
laundry tubs ; a second System ** receives 
ail liquids, which may be called dirty, 
but not foui — the water from baths, kit- 
chen sinks, and wash hand basins." It is, 
moreover, the rule in England to locate 
the soil pipe outside of the house walls*, 
and to deliver the waste pipes over an 
open gully in the yard, from whence the 
wastes run into the house drain. Both 
arrangements are entirely impracticable 
in this country on account of the severity 
of the climate, and the séparation of the 
two Systems by discriminating between 
foui and dirty waste water leads to un- 
necessary complications. With well j oint- 



es by Google 



116 

ed, thoroughly ventilated soil pipes of 
iron, it seeme quite permissible in Ameri- 
can plumbing to run into them the wastes 
from any fixture in the house, if it be 
near the soil pipe, and where vertical 
stacks of waste pipes are run for bath 
tubs and wash basins, thèse waste pipes, 
if properly jointed, may with perfect 
safety deliver into the iron cellar drain, 
which receives the soil pipes of the 
house. 

If ail the given rules are carefully ob- 
served, the System of drainage of a dwell- 
ing will be as perfectly as possible in ac- 
cordance with the présent knowledge of 
sanitary science. Time and expérience 
may find out hitherto unknown faults, 
but will also, it is believed, teach the 
proper remedy. With pipes of proper 
matérielle properly joined, properly laid, 
and properly and sufficierUly oftenflushed 
with air and water, the ohject of a System 
of house drainage seems to be attained, 
viz.y the iîisti'mt removal from the house 
of ail li'pnd and semi-liquid waste mat- 
tevy and the perfect oxidation and con- 
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^tant dilution of the air contained in the 



Says Mr. J. C. Bayles : " The conclu- 
sion I hâve reached is that when sewer 
gas finds its w^y into a house through 
the soil and waste pipes, the fault lies 
somewhere between the architect, the 
builder and the plumber. In any case, 
it is without excuse. I know that houses 
can be drained into sewers — without 
bringing sewer gas into them. The exist- 
ence of foui sewers is in itself a perpétuai 
danger to the public health, but there is 
no reason why we should bring that dan- 
ger into our houses by providing channels 
through which the poisonous air of the 
sewer can find a means of ingress. I 
know of houses into which no sewer gas 
ever cornes — unless, possibly, through 
the Windows, borne in with the air of the 
street — and I haye no hésitation in say- 
ing that, when the tenants of houses de- 
mand immunity from the dangers of 
unhealthful conditions, architects and 
builders will find a means of correcting 
the evils now complained of as practically 
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irrémédiable. Sanitary reform in cities 
only waits until those to be benefited by 
it shall demand it." 

RECORD AND PLAN OF DRAINAGE AND PLUMB- 
ING INSPECTION. 

Tt cannot be toc strongly recommended 
to every householder to keep for future 
référence, for cases of inspection or repairs 
and altérations, a complète plan of ail the 
drain, soil and waste pipes in and outside 
of the house; a record of the depth of 
the drain, of the sizes and material of 
pipes, of the location of junctions, traps, 
fresh air pipes, access pipes or cleaning 
Y 's, of ail fixtures on every floor, etc. 

Fréquent inspections of the plumbing 
of buildings are by no means superfluous. 
They are very important in the case of 
pubUc buildings, schools, hospitals, asy- 
lums, jails, hôtels, but .especially so, for 
such buildings as are occupied only a 
part of the year (summer résidences, 
seaside hôtels, mountain resorts, etc.). 
In some cities "sanitary associations" 
hâve been organized, such as at Newport, 
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E. L, Lynn, Mass., Brooklyn, N. Y., and 
other places. The members of thèse as- 
sociations can avail themselves of the 
services of an inspector of plumbing em- 
ployée! by the association, in order to as- 
sure themselves by fréquent inspections 
of the sanitary condition of tbe plumbing 
in the house, of its outside drainage and 
water supply, its ventilation, etc. 

In the case of new buildings the archi- 
tect's plans should show the exact loca- 
tion of the proposed plumbing work in 
the house. The work should be done ac- 
cording to written spécifications, carefully 
drawn up by the architect or a sanitary 
engineer, under whose immédiate direc- 
tion the plumber should work. It is a mis- 
take — but, alas ! how of ten is it made — 
to give the plumbing work of a new build- 
ing out by con tract. The slight amount 
saved in first expense is almost always 
followed by an increased outlay for re- 
pairing and altering defects, which appear 
only after the house is occupied. A pru- 
'dent bouse owner will prefer to hâve his 
plumbing done by day labor, by honest. 
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conscientious plumbers — and thèse are 
by no means rare, as the universal cry 
against them would seem to indicate — 
who care more about their réputation 
than about a few dollars eamed through 
dishonest and reckless work. 

PLUMBING REGULATIONS. 

The cities of New York, Brooklyn and 
Washingfton lately hâve set an example 
worfcby of imitation in other cities. 
The health authorities hâve issued ex- 
cellent régulations for plumbing of 
buildings, and require the plans for 
plumbing to be submitted to them for 
approval and for filing. The plumbing, 
before being covered up, is examined 
by intelligent inspectors of the Board of 
Health. Tbere may be at first some 
bad feeling about such a measure, but 
the good plumber will soon understand 
that the law passed is to his advantage ; 
it will protect him against the " botchers " 
in the trade, and will help to re-establish 
his of late much abused good namè. 

Thèse plumbing régulations will cer- 
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tainly tend to lessen the fréquent com- 
plaint about bad plumbing in honses, 
and the conséquent entrance of sewer 
gas. They will contribute much to- 
wards the lowering of a high death rate, 
and similar régulations may be adopted 
with advantage in ail large cities. 

PLUMBING FIXTUKE8. 

The varions plumbing fixtures which 
receive and deliver to the drain the foui 
wastes of the household, will be reviewed 
hère only from a sanitary point of view. 
For more detailed technical descriptions 
of plumbing appliances I refer to the 
interesting séries of articles on "Modem 
Plumbing," by T. M. Clark, Esq., in the 
American Architect for 1878, and to nu- 
merous papers on " Plumbing Practice " 
in the Sanitary Engineer, 

Plumbing fixtures should be concen- 
trated in a house as much as possible, so 
as to render necessary only few vertical 
stacks of soil and waste pipes, and to 
avoidr long horizontal runs of pipes, 
which are objectionable inside floors, 
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first, because they necessitate tbe cutting 
of beaniB ; Becond, because they prevent 
the running of waste pipes with proper 
fall. Much may be effected in planning 
a new building in this direction by a 
proper attention of architects to its 
drainage System. 

To bouseholders and persons about 
to build a house I would give tbe gêner- 
ai advice to bave only few plumbing fix- 
tures, as few as they can possibly get 
along with, but to bave thèse of the very 
best quality and fitted up in the very 
best manner. It is much better to bave 
only one water closet in a bouse, used 
constantly by ail its occupants, and 
theref ore frequently flushed, than to bave 
half a dozen or more, each used only 
little. 

It bas recently been proposed by some, 
in view of the great danger to health 
from defective plumbing, to arrange ail 
fixtures in an annex, separated from tte 
living aud sleeping rooms of the house. 
This would be not only inconvénient but 
impracticable in cold climates and seems 
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entirely unnecessary. AU that needs to 
be done is to remove plumbing fixtures 
from sleeping rooms, as sewer gas enter- 
ing thèse through leaky joints or défec- 
tive traps and fixtures, would be much 
more dangerous to persons inhaling it 
during sleep than during hours of active 
exercise. Wherever possible, it is désir- 
able to locate water closet apartments 
and slop sink closets so as to be eut o^ 
from the main part of the house. This 
would in volve the séparation of the water 
closet from the bath room, such as is 
common in Europe, but little known in 
this country, and which arrangement I 
am inclin ed to favor, especially in the 
case of.a house, occupied by a large 
family, and having only few plumbing 
fixtures. 

If proper regard were paid to the 
ventilation of rooms, containing plumb- 
ing fixtures, the risk from sewer gas 
would be infinitely reduced.. Unfortu- 
nately, it has hitherto been the habit 
with most people to care more for the 
bright look of their fixtures, for deco- 
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rated china ware, costly marble slabs, 
silver-plated faucets, chains and tubs, 
for handsomely finished woodwork 
aronnd bowls, water closets, sinks, than 
for the proper trapping and ventilating 
of such apparatus. Tight woodwork 
around bowls, tubs, sinks, slop hoppers 
and water closets, which is the rule in 
ninety-nine ont of every hundred houses, 
f irms harboring places for vermin; they 
in time accumulate dust and become ex- 
ceedingly filthy, damp and foui smelling. 
The encasing of plumbingfixtures should 
be discouraged for sanitary reasons. 
Dampness andnasty odors canbeprevent- 
ed by keeping sucJi spaces entirely open 
80 that a free current of pure air sweeps 
around the fixtures, the most remote 
corner of which is thuti made accessible 
to servants for cleaning purposes. But 
even with good sanitary appliances, prop- 
erly ventilated and connected with self 
cleaiusing traps and waste pipes the 
householder should not forget that con- 
stant care and watching is imperative, as 
well as a thorough cleansing and scrub- 
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bing as often as once a week and prefer- 
ably oftener. 

Sufficient hints will be given in the 
following pages as regards the merits 
and defects of the varions plumbing fix- 
tures, especially the différent types of 
water closets, to guide the householder 
in selecting proper and satisfactory ap- 
pliances. In regard to the sélection of a 
proper water closet — and, in fact, of every 
plumbing fixture — a certain embarrass- 
ment arises to every householder, in so 
far as almost every manufacturer natur- 
ally thinks his goods the best and safest 
to be used. Should the householder be 
unable to make a sélection from his own 
judgment, he ^ould consult an architect 
or sanitary engineer of réputation. 
Should he décide from personal opinion 
and examination of closets, let him bear 
in mind that closets almost without ex- 
ception présent a good and cleanly ap- 
pearance in manufacturers' showrooms. 
The real test of the efficiency of a water 
closet is some months' severe use in a 
frequented place (which, however, should 
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be under constant supervision of a jani- 
tor). In this connection 1 would advise 
to choose none but the very best appara- 
tus for the use of the servants. A ser- 
vants' watergcloset is likely to receive a 
rougher treatment and less cleaning than 
closets for use of the family; closets 
with movable machinery (pan, valve and 
plunger closets) &re especially objection- 
able, as they frequently get out of order; 
no cheap kind of hopper should be used. 
An automatic flushing arrangement for 
servants' and children's closets will se- 
cure better cleanhness than arrangements 
to be worked by h and. 

In speaking of water closets in gêner- 
ai further points of importance for the 
sélection of such apparatus will be men- 
tioned. 

WASH BASINS. 

Beginning with wash basins, little of 
sanitary importance may be said with re- 
gard to them. If properly fitted with 
waste pipes of proper size and material 
aud efficiently protected by a good trap, 
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they may be considered perfeetly safe 
conveniences in dressing rooms. Their 
use in sleeping apartments, and in closets 
or boudoirs near bedrooms without in- 
dépendant ventilation, is attended with 
considérable risk, and the habit of put- 
ting stationary lavatories in sueh rooms, 
which bas become so gênerai nowadays, 
should be earnestly discouraged, especi- 
ally for suuh rooms, as are not continu- 
ally occupied (summer résidences, hôtels, 
&c.). 

Wash basins are mostly made in earth- 
enware, this material being the cleanest 
and best for the purpose. Iron works, 
however, manufacture cheap iron wash- 
stands, plain, painted, galvanized, or 
enamelled, which may answer for office 
use, for prison cells, &c. dopper basins 
are rarely used. 

Earthen bowls are attached by brass 
basin clamps to marble slabs, the joint 
between them being made tight by means 
of plaster-of-Paris. To prevent damage 
to ceilings the bowls are provided with a 
number of holes near the upper rim, lead- 
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ing fco a short hom, to whicb the lead 
OTerâow pipe is attached. Some bowls 
hâve a ** patent" overflow, a concealed 
channel in the side of the bowl. 

The outlet of bowls is commonly closed 
by means of an india-mbber, brass, or 
plated plug, to which a chain is attached. 
The annoyance caused in lavatories of 
public places by too fréquent breakage 
of the chain, necessitating the removal 
of the plug by placing the hands into 
the dirty water of the bowl used by 
some unknown person, has led to the 
invention of a number of valve wastes 
for bowls. In most of thèse, as for 
instance, McFarland's, Foley's, Boyle's 
valves and the Boston waste, the outlet 
is closed some distance away from the 
bowl, thus leaving the bowl in connec- 
tion with the valve chamber, which, after 
each use, remains coated with soapsuds 
and foui slime. At the next use of the 
bowl the clean water will mingle with this 
waste matter and become soiled even be- 
fore use. Moreover, the valve chambers 
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get more or less foui after use, and émit 
noxious smells înto the rooms. 

The only device wbich closes the bowl 
directly at its bottom is " Weaver's 
waste." By simply touching a knob, 
eonnecfced with a lever, the-stopper in the 
bottom of the bowl is lifted and held in 
place. 

Jenning^s "tipup basins*' also do away 
with chain and plug and are very cen- 
yenient for use, as the basin is emptied 
by simply tilting it, thus discharging its 
contents into a bowl underneath, which 
is concentric with the upper basin, and 
to which the trapped waste is attached. 
It appears at ârst sight to be a cleanly 
device, but it gradually accumulâtes foul- 
ness in the lower basin, which receives 
no spécial cleansing, and for this reason 
tip up basins are not to be recommended, 
except where a stricter regard to cleanli- 
ness of plumbing âxtures is paid than is 
usual in most households. 

Thû objection raised against most 
valve wastes for bowls, namely, that the 
walls remain coated with a more or less 
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foui slime after emptying the bowl, is 
also true in regard ta the bowl itself . In 
private houses thèse are, of course, well 
taken care of and daily cleaned ; but in 
public lavatories, used rapidly in succes- 
sion, a decided lack of cleanliness is 
felt. An entirely new departure in wash 
bowls, so far as this country is concerned 
— for it has been manufactured and sold 
in England — would be a flashing rim 
lavatory bowl^ supplied with hot and cold 
water through a nozzle, to which both 
supply pipes are attached. By opening 
^ither f aucet, hot or cold water, as desired 
would enter the bowl, simultaneously at 
ail sides, and give it a thorough down* 
ward rinsing flush. The outlet of bowl 
may then be closed and the bowl filled 
with clean water., With such a flushing 
rim bowl some of the valve wastes 
would become unobjectionable even to 
the most fastidious. 

To make the flushing rim lavatory 
perfect in neatness and cleanliness, the 
marble slab, to which the bowl is 
•clamped, should be supported by hand- 
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some brackets of iron, brass or marble, 
leaving off ail cârpentry underneath. 
The floor under the bowl and the rear 
wall may be neatly finished in white 
tiles, or in cernent or terrazzo floor, so 
as to be impervious, thus doing away 
with the saf e lining underneath the bowl. 
If tiling or a terrazzo floor is considered 
too expensive, a well finished hardwood 
floor should be used. 

The arrangement suggested for fitting 
up lavatories applies equally to common 
bowls. Hitherto more or less tight 
woodwork has been used to encase the 
space under wash bowls in order to hidè 
from view traps, supply and waste pipes, 
safe linings, drip pipes, etc. Such tight 
unventilated spaces with dark corners 
must necessarily accumulate dirt, and be- 
come damp from leaky fixtures, and ijasty 
in gênerai. With first class plumbing 
work it is unobjectionable to have*lead 
pipes and traps in sight: leakage is 
easily detected, and cleanliness of ^ ser- 
vants better enforced where there is 
plenty of light and air around a wash 
basin. 
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BATH TUBS. 



Bath tubs are made of wood, or wood 
lined with galvanized sheet iron, or with 
zinc or heavy copper, tinned and plo-n- 
ished, or nickel piated, of cast iron with 
porcelain enamel, and of atone ware. 
Any of thèse may be nsed, the sélection 
depending chiefly upon their cost and 
npon the personal préférence of house 
owners. For private résidences copper 
bath tubs are used more than any others, 
the weight of the copper being from 16 
to 20 oz. per sq. ft. for the best tubs. 
Enamelled iron tubs are also used ex- 
tensively, especially in hospitals, asylums, 
&c. The porcelain bath tubs, although 
perfectly non-absorbent, most cleanly 
and attractive in appearance are not much 
in use, being very expensive, heavy and 
clumsy. 

For bathing establishments enamelled 
iron and copper tubs are not to be rec- 
ommended. the former losing their 
enamel by continued use, the latter being 
easily knocked out of shape and requir- 
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ing constant attention to keep on them 
a bright polish. In such places earthen- 
ware tubs will answer very well, being 
easily cleaned, and as they are used rap- 
idly^ Id succession they do not chill the 
water after the first bath, an objection 
raised sometimes against marble or por- 
celain tubs in private bouses. Tubs in 
bathing establishments are often con- 
structed of brickwork, lined with slate, 
or with white tiles or marble flags. 

Many devices hâve been introduced to 
do away with the chain and plug arrange- 
ment of tubs, which device gets unclean 
from soapsuds hère as in the case of wash 
bowls. Such improved bath wastes are, 
for instance, Weaver's, McFarland's, Fo- 
ley's, H. C. Meyer s, Jenning's, Stidder's 
and others. None of thèse is préférable 
to the " standing overflow," a most sim- 
ple and cleanly contrivance, consisting 
of a tube of same bore with the bath 
waste pipe, witha trumpet-shaped mouth 
at its top, which tube is inserted in place 
of the plug at the bottom of the bath 
tub. It renders a spécial overflow pipe 
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mmecessarj. The only objection, some- 
times made against it, is ihat it may be 
in the way while bathing, especially with 
short, so-called " French " bath tubs. 

While it is not my intention to consider 
the snpply of hot and cold water to fix- 
tores in gênerai, nor to discuss the rela- 
tive merits of ground cocks, compression 
bibbs and self-closing faucets, I mast 
briefly touch, for reasons that will appear 
hereafter, upon the manner of supplying 
water to bath tubs. 

If the hot and cold water faucets are 
placed near the top of the tub, the hot 
water speedily fiUs the bath room with 
steam (although this can be partly over- 
come by using a double bath cock with 
only one supply inlet) ; the noise of 
the falling water is also sometimes 
objected to. To avoid this inconvenience 
the supply has been made to enter the 
bath, hot and cold water mixed, through 
the same hole that serves as an outlet for 
the foui water. Thus soapsuds and filth 
coating the waste pipe and lef t there from 
the time the bath. was last used, mingle 
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with the clean water. Such a deTice is 
unsanitary and must be utterly con- 
demned. 

If it is désirable to avoid the steam or 
noise in filling bath tubs, fche supply inlet 
may be placed at the foot end of the tub, 
near its bottom. An advantage which 
this arrangement offers is that servants 
cannot draw water into pails or pitchers 
in a bath tub, a fréquent cause of tbe 
chipping off of the enamel of iron tubs 
and the bruises made in the sides of cop- 
per tubs. It appears, however, that such 
a location of the supply inlet below the 
water line of the bath tub is, in certain 
cases, endangering the purity of the water 
supply. This risk always occurs wher- 
ever the bath tub is supplied directly 
from the rising main and the pressure of 
water is insufficient to supply at ail times 
the upper stories of city houses. The 
American Architect of 1882, in calling 
attention to this danger (which danger is 
well known to exist in the case of water 
closets flushed directly from the service 
pipe), says, as foUows : 
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"Thousands of fixtures are in daily 
use which are liable to hâve their supply 
fail altogether on certain days and heurs, 
or to hâve it withdrawn temporarily by 
the opening of a faucet below. Ail such 
fixtures are exposed to the worst consé- 
quences of intermittent supply. If any 
person having access to fixtures so placed 
will try the experiment of opening a fau- 
cet at the time of low water, the rush of 
the air sucked back into the pipe will be 
plainly heard, or by placing the finger 
over the mouth of the faucet the inward 
pressure can be felt. Even where the 
head is considérable, an artificial lower- 
ing may be, and often is, caused by the 
opening of faucets iu the lower stories, 
which will leave a vacuum in the pipe 
supplying the upper fixtures, and in such 
<îases substances near the mouth of the 
upper faucets are liable to be sucked 
through them into the supply pipes. We 
hâve known the opening of a pantry cock 
in a lower story to siphon out in this 
way and discharge into the pantry sink 
the entire contents of a bath in a room 
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above, much to the amazement of its oc- 
cupant. The bath happened to be fitted 
with a bottom supply." 
. This may even happen with a supply 
from a tank in the attic, and the only 
means to prevent the occurrence would 
be to run spécial lines of hot and cold 
water from boiler and tank respectively 
to the bath inlet, or else to place a check 
valve in the cold water supply to the 
bath, which remedy, however, cannot be 
relied upon to work for ever. 

There are many varieties of tubs, used 
for Personal cleanliness, such as foot 
tubs, hip baths, bidets, shower baths, &c. 
They need no further explanation, as the 
principles for the sanitary construction 
of bath tubs apply equally well to them. 

Bath tubs of wood, lined with métal, 
necessarily require some exterior finish- 
ing woodwork, which also serves to hide 
from view the supply pipes, the overflow, 
trap and waste pipe. 

In Europe, métal bath tubs are made 
suflSciently heavy to stand without a cas- 
ing. This method of fitting up bath tubs 
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bas mnch to recommend it from a sani- 
tary point of view; such bath tubs stand 
free on the floor, perfectly accessible and 
with ail pipes in sight, which seems en- 
tirely unobjectionable. Iron porcelain 
lined bath tubs are sometimes left with- 
ont woodwork in oiir hospitals and asy- 
lums and give complète satisfaction. 

LAUNDRY TUBS. 

LauDdry tubs are made of varions ma- 
terials, such as wood, wood lined with 
sheet lead, enameled or galvanized cast 
iron, cernent stone, soap stone or earth- 
enware. Wooden tubs are objectionable 
as this material readily absorbs the dirty 
water and becomes foui, emitting a close 
odor when not in use. Being altemately 
wet and dry they are liable to leak and 
will quickly rot. Cernent stone laundry 
tubs are cheap, durable and cleanly. 
They hâve no seams, each tub being 
manuf actured in one pièce, and theref ore 
will not leak. Galvanized or enameled 
iron and soap stone trays are equally 
good and much in use. The white crock- 
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ery or '* ceramic " tubs are imdonbtedly 
the neatest, and are always perfectly 
clean and sweet. They are not subject 
to wear or leakage, nor do they absorb 
dirty water, and therefore do not become 
foui from use. They are, of course, more 
expensive than any of the others. Wood- 
work about wash tub» should be dispen- 
sed with as much as possible, and the 
tubs treated in this respect as suggested 
in gênerai for plumbing fixtures. 

KITCHEN AND PANTRY SINK8, LAUNDRY AND 
housemaid's SINKS. 

Sinks are made of wood, of wood lined 
with lead, or with coppér, of cast iron, 
which may be galvanized or enameled, of 
copper, soap stone, slf^te or earthenware. 

For pantry sinks tinned and planished 
copper is generally used, being préféra- 
ble to porcelain or soap stone sinks, as 
glass and crockery is not as liable to 
breakage in them. 

For kit^hen and laundry sinks soap 
«tone or iron is much used. Galvanizing 
or enameling the iron much improves the 
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appearance of the sinks, but even thèse 
protective coatings wear off in time, and 
then the iron rusts rapidly. Of late 
earthenware sinks hâve been manufac- 
tured up to large sizes and are un- 
doubtedly the cleanest and neatest of ail 
kinds. 

Housemaids' sinks, used only to draw 
water, may be of small size and look most 
cleanly when manufactured in earthen- 
ware, althongh other materials are often 
employed. 

Sinks should be provided with strong, 
metallic strainers, either open or plug 
strainers. In both cases the strainer 
should be securely fastened to the sink 
80 as not to be removable by servants, in 
order to prevent obstructions of the 
waste pipe and trap. With plug strain- 
ers it is important that the sink should 
hâve an overflow pipe of sufficient capac- 
ity to carry off the full supply, in case 
the supply cock should be accidentally 
left open. ^ 

In most houses kitchen sinks are en- 
cased in tight woodwork, and conse- 
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quently a close, damp ?".„ 
often noticeable in the compartment un- 
der a sink. This method of fitting up 
sinks is decidedly objectionable, and the 
common practice of using such unven- 
tilated closed spaces under a kitchen 
sink for the storage of kitchen utensils, or 
what is worse, cleaning rags, etc., shouid 
be strongly condemned. • The space un- 
demeath a kitchen sink shouid be free 
to light and ventilation, and readily ac- 
cessible for fréquent cleansing. The 
sink may be supported by brackets, prop- 
erly fastened to the walls, or it may 
rest on legs. The floor under the sink 
and the rear wall may be finished with 
white Minton tiles, which makes a neat 
and most cleanly arrangement. 

The remarks just made as to the de- 
sirability of keeping the spaces under 
sinks entirely open apply also to pantry 
sinks and housemaid's sinks. 

GREASE TBAPS. 

Thi-ougîi kitchen and pantry sinks a 
large amount of grease, derived from 
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washing dishes, etc„ is emptied into the 
drainage System. This grease proves to 
be of ail the waste matters in the house 
the most difficult to deal with. Being 
dissolved by hot water it passes the 
strainer of the sink in a fluid condition, 
but soon becomes chilled, adhères to the 
sides of the waste pipes or drains, lodges 
in traps, and becomes putrid and offen- 
sive. 

If the drain inside and outside of the 
house has a very good pitch, the grease 
will probably be carried far away from 
the house before becoming solid. This 
is more likely to happen where sinks 
bave plugged outlets, as the rush of the 
water carries the grease very far. The 
ammonia of urine will remove grease, 
and thus pipes receiving above the point 
where the waste from the kitchen or 
pantry sink enters the cellar drain a 
water closet or urinai discharge are of ten 
found to be comparatively free from 
grease. 

Butin large houses, or hôtels, &c., the 
grease should not be allowed to enter 
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the honse drain at ail ; it should be inter- 
<5epted by a proper grease trap, placed as 
near to tbe sink as the locality may per- 
mit. The grease trap may be placed 
«ither within the house, in the basement 
or directly undemeath the sink, or else 
outside the house. The latter arrange- 
ment is much thè best, provided the 
distance from the kitchen sink to the 
grease interceptor is not too great, other- 
wise the grease would congeal on its 
way to the interceptor. A circular tank 
made of bricks, laid in hydraulic cernent, 
should be constructed of dimensions de- 
pending somewhat upon the size of the 
house. It should be large enough to al- 
low the water time to cool. Its overflow 
pipe consists of a quarter bend, or bet- 
ter, of a T branch, dipping at least six 
inches below the water Une, in order not 
to disturb the grease in the intercepting 
tank. Thia grease trap should be fre- 
quently cleaned and inspected. The 
grease, floating on top of the water, can 
easily be removed. Efficient ventilation 
by a large vent pipe should be pro- 
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vided. Wastes from kitchen and pantry 
sinks only should discharge into the 
grease trap. 

If inside of the hoase and in the base- 
ment, the grease trap may be made of 
earthenware, of wood lined with heavy 
lôad, or of copper. But such a grease 
trap in the basement cannot be recom- 
mended. 

If directly under the sink it may be 
made of enameled or galvanized iron, of 
copper or of crockery ware. A number 
of patented sinks hâve an iron réceptacle 
for grease immediately below and at- 
tached to them. It is doubtful whether 
thèse tanks under sinks can be made of 
sufficient size, without becoming clumsy, 
to allow the grease to cool and congeal. 
Unless properly attended to — and the 
kitchen sink is liable not to be kept per- 
fectly clean by the serv£ints — ^grease 
traps inside of a house constitute, in my 
opinion, cesspools on a small scale, hold- 
ing fatty waste matters which readily 
become putrid and offensive. If there is 
no convenient place for an outside grease 
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trap, better use none at ail and trust to 
the action of the alkalies to "eut'* the 
grease in the pipes. A valuable cleansing 
agent for pipes, where the use of a grease 
trap is omitted, may be found in occa- 
sional flushing with hot solutions of 
common washing soda, or better, of pot- 
ash. 

SLOP SINES AND SLOP HOPPEBS. 

Wehave hitherto considered onlythose 
fixtures which receive foui water un- 
mixed with discharges from the human 
System. Slop sinks and slop hoppers, as 
well as water closèts and urinais, in- 
tended to convey to the drain thèse foui 
discharges, are more liable to become 
filthy outside and inside, unless carefully 
attended to. 

Slop hoppers are provided on bed- 
room floors to enable servants to empty 
chamber slops into them. They must 
be flushed, after each use, by a suffîcient 
quantity of clean water from a cistem, 
or else at fréquent intervais by auto- 
matic flush tanks, to expel the foui water 
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from the trjip and to wash the inner 
sides of the hopper bowl or sink. Con- 
sidering the character of the foui water 
poured into such vessels, an efficient flush 
is fully as necessary for them as it is for 
water closets or urinais. 

Slop sinks are made either of e^^ameled 
cast-iron or of earthenware. Their out- 
let should always be provided with a 
fixed strainer to prevent any obstruction 
of the trap or the soil pipe by carelessly 
introduced articles, such as scrubbing 
brushes, etc. 

Instead of a deep sink a combination 
of a sink and a hopper, such as Merry's 
slop-hopper sink, is sometimes used, and, 
if provided with a strainer, it will answer 
very well. 

An earthen bowl, with improved flush- 
ing rim, placed on top of an iron or lead 
hopper, will make a cleanly device. The 
neatest arrangement is a slop sink, 
made in one pièce of earthenware, en- 
larged at the top to a square sink, and 
provided with a flushing rim and libéral 
supply of hot and cold water. 
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Slop'sinks and hoppers should be 
treated in their extemal finish similar to 
kitchen sinks and water closets. Air 
and light should find easy access to 
them; there should be no tight wood- 
work around the apparatus with the 
usual ai90unt of dust aud untidiness. 
The floor may be of white tiles or of ce- 
rnent, and the walls may be laid with 
tiles or with enameled bricks. 

lî water closets without movable parts 
(hopper and washout closets) are fitted 
up without woodwork (except the seat) 
they may aJso serve the purpose of a slop 
sink, provided that the flush is not for- 
gotten af ter emptying slops. The prac- 
tice of using pan, valve or plunger 
closets, to get rid of chamber slops, is 
decidedly objectionable. Thèse closets 
are most always encased in woodwork, 
which becomes impregnated with the foui 
water, carelessly emptied and often 
spilled. In the case of valve closets, 
the overflow pipe f rom the bowl is f ouled 
and the same is true for plunger cham- 
ber and overflow of plunger closets. 
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UBINALS. 



No fixtnre is so liable to becomerun- 
clean and foui smelling as a urinai, owing 
to the rapid décomposition of the nrina 
A small aniount of urine spattered over 
is apt to become quite offensive. Urin- 
ais, therefore, require a very libéral 
amount of flushing water, running either 
in a constant strearo, or else delivered 
automatically tbrough flusb tanks at fré- 
quent intervais. The material for urin- 
ais should be non-absorbent and non- 
corrosive. 

Swinging and lipped urinais bave been 
much used in modem private résidences, 
but I should cei-tainly advise doing away 
with them entirely, as a properly con- 
structed water closet may safely take 
their place. 

For ofl&ces, however, and public places, 
such as hôtels, schools, railroad dépôts, 
places of amusement, etc., they become a 
necessity, but should be under constant 
supervision of a conscientious janitor, 
and should receive a thorough cleaning 
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with hot water and soap, at least once a 
week, and pref erably of tener. The venti- 
lation of urinai apartments should also, 
for reasons stated above, receive careful 
attention. 

Three kinds of urinais are in use, 
viz.: single lipped bowls, fastened aJong 
a wall, or in corners, and generally 
known as " Bedfordshire " urinais ; urinai 
troughs and round urinais. 

Lipped urinai bowls are made in 
earthenware and of enameled iron ; the 
latter, however, cannot be recommended, 
as the enamel is apt to scale off, leaving 
the iron to corrode quickly. A number 
of porcelain lipped urinais is frequently 
placed along a wall, with board, slate or 
marble partitions between them. They 
are sometimes flushed by a stop-cock, 
to be tumed by hand, which is an un- 
satisfactory device. Not only is the open- 
ing of the stop-cock frequently neglected, 
especially in public places, but a flush 
directly from the supply pipe will, in 
most cases, be insufficient thoroughly to 
rinse the sides of the urinai. If located 
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in upper stories, the pressure is at times 
insufficient to fill the pipes, and air, pos- 
sibly tainted and filled with disease- 
breeding germs> may be sucked into the 
supply pipes, on opening the stop- 
cock. 

A much better ânsh ean be obtained 
by supplyingflushiug water to the urinai 
from a spécial cistem, worked by chain 
and handle. For public places, how- 
ever, where urinais are mostly used, I 
consider an automatic arrangement as 
being much superior. This may be ac- 
complished by operating the flushing cis- 
tem from the doorleadingto the urinai; or 
else a treadle action flushing apparatus 
may be used. Both arrangements are 
liable to get out of order, and préfér- 
able to either is a siphon tank, such as 
Field*s annular siphon, or Guinier's 
siphon tank, and tilting tanks, such as 
McFarland's tank and others. 

Modified forms of the Bedfordshire 
urinai hâve recently been manufactured 
both in England and in this country, 
which seem to possess many advantages 
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over the common forms, the bowls being 
sbaped so as to bold water (simîlar to a 
wash-out closet) to a certain deptb. 
Sucb improved urinais are, for instance, 
Stidder's minai and the Armstrong 
urinai. Witb them the urine is immedi- 
ately diluted with water, and conse- 
quently it is much easier to keep the 
bowl clean by fréquent automatic flush- 
ing. 

Urinai troughs are made of wood 
lined with lead, or of galvanized or en- 
ameled cast iron, or else of slate. 

Round urinais are adapted to out-of- 
door location, in parks, etc.; they hâve a 
large circular bowl, holding a body of 
water, with a number of projecting lips 
around its circumference, separated by 
suitable slate partitions. 

A constant stream of water should 
trickle into trough or round urinais, in 
order frequently to change the water in 
the bowl, and to secure an immédiate 
and thorough dilution of the urine. 

A modification of the trough urinai is 
sometimes constructed as follows: The 
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back wall of the urinai apartment is soit- 
ably prepared so as to be impervious and 
non-absorbing. No material is better 
than slate for this purpose. A horizontal 
snpply pipe is fastened to the wall 
about five feet from the floor, running 
from one end of the trough to the other. 
It is provided with a large nomber of 
openings, or sometimes with a water 
spreader, from whieh the water is con 
stantly trickling down the walls. The 
floor should be made equally impervious, 
and shouîd hâve a gutter with sufficient 
fall to carry off the water mixed with 
urine. The whole floor should be con- 
structed sloping toward this gutter. 
Suitable stands or gratings are some- 
times provided at the stalls, whieh are 
separated by marble or slate partitions. 
The outlet in the gutter must be pro- 
vided with a strainer to prevent ob- 
structions of the trapped waste pipe at- 
tached to it. 

WATEE CLOSETS IN QENEEAL. 

The most important and useful plumb- 
ing fixture in a hoase is the water closet. 
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Water closets should be in ail honses 
that make any prétentions towards con- 
venience. That they are a vast improve- 
ment over the old-fashioned, offensive 
privy vault in th© back yard, everybody 
will acknowledge. But it is equally true 
that, unless of a good pattem, properly 
fitted up, properly nsed, carefully watched 
and frequently cleansed, they may be- 
come not only the sources of foui smell 
but also the cause of disease. 

Leaving aside the question of the pol- 
lution of the soil and of well waters, of 
which the privy vault must sooner or 
later be the cause, it is in itself a nuis- 
ance and an abomination. In cold 
weather and during rain storms persons 
are liable not to use it when they ought 
to, and trouble of the digestive organs 
is sure to foUow, as every physician 
knows. This is especially the case with 
females and with délicate children. Sick 
persons and invalids may suffer severely 
from exposure to the weather. Add 
to this the often unbearable stench 
emanating in hot weather from such 
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yaults, and it will be readily seen how 
Buperior in point of convenience, health 
and cleanliness an indoor waber closet is. 

There are other improved devices for 
receiving faecal mattep, such as earth 
cloçets, ash closets, tnbs or pails, which 
arc far préférable to privies, and should 
be recommended wherever water is 
scarce; but thèse do not properly be- 
long to my subject, which refers only to 
the " water carriàge " System. 

There is an endless list of water 
closets, and each year increases the num- 
ber of newly invented and patented 
articles. It is, of course, impossible, nor 
isiteven désirable, that my paper should 
give a complète description of ail of 
thera. I shall limit myself to describing 
the chief features of the varions types of 
closets, mentioning a few examples of 
each type. 

After reviewing the diflPerent pattemB 
of water closets in use we shall speak 
of the gênerai arrangement of the water 
closet apartment with respect to light 
and air. 
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The essential points to be considered 
in examining water closets are: the 
sbape of the bowl or vessel receiving 
fœcal matter; the apparatus for dis- 
charging the contents of the bowl ; the 
manner of trapping the water closet; 
the manner of flushing the bowl and the 
trap; and the ventilation of the water 
closet. 

The less surface a water closet bas 
exposed tofouling^ the cleanerand better 
will it be. AU foui discharges should 
pass into water as quiclîjy as possible. 
Thus the fouling of the sides of the ves- 
sel will be efficiently prevented and the 
water will hâve a tendency to deodorize 
the excréments. Ail water closets hold- 
ing a large body of water in the bowl 
(valve and plunger closets, wash-out 
closets and latrines) hâve this advantage. 
In other closets, where the body of water 
is in the trap (hoppers), this latter 
should be as near as possible to the 
bowl (short hoppers are préférable on 
this account), and the rear side of the 
vessel should be designed nearly vertifcal 
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and straight to prevent foui matter from 
soiling the bowl bef ore passing infco water. 

A further requirement is durability 
and simplicity of the working apparatus. 
The less moving parts a water closet bas 
the better will it be. We must hâve re- 
gard to the rough usage to which such 
fixtures are sometimes subjected, especi- 
ally in public places. Complicated or 
délicate mechanisms frequently get out 
of order, or fail to work properly under 
children's or servants' hands. Nobody 
can deny that, so far as this point is con- 
cemed, hopper and wash-out closets are 
vastly superior to pan, valve and plunger 
closets. 

Each water closet should be separated 
from the drain or soil pipe by an 
efficient trap^ placed eitber above or be- 
low the floor, and protected, whenever 
necessary, against siphonage. I consider 
one good trap as entirely sufficient, and 
do not hâve much faith in the additional 
water seal afforded by the water in the 
pan of a pan closet, or the water in the 
bowl of ^a valve or plunger closet. The 
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copper pan quickly corrodes through the 
action of sewer gas in the container, 
and the flap valve gets leaky in time, 
while with plunger closets flushed from 
a cistem the bowl may lose its water if 
the outlet is imperfectly closed, as may 
happen, when paper remains chnging to 
the seat of the plonger. Wash-out 
closets are sometimes provided with a 
double trap, which is an obstacle to a 
proper flushing, and which may ac- 
cumulate filth in the hidden and mostly 
unventilated space between both traps. 
I consider a double trap as unnecessary 
hère as on the main house drain. Wash- 
out closets, the basin of which is shaped 
80 as to form an efficient trap, and short 
hopper closets with trap above the floor, 
should not hâve a second trap (of either 
iron or lead) undemeath. 

The contents of a water closet trap 
should he thoroughly changea at each 
use of the closet^ which can be accom- 
pHshed by an efficient and libéral flush. 
This leads us to consider the supply of 
water to such apparatus. 
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A water closet should bave a copions 
supply of water completely to wash at 
each use the bowl and trap as well as 
ail surfaces coming in contact with foui 
matter. I do not, however, wish to be 
understood as favoring reckless waste, for 
it is well known that allowing the water 
to run continuously through a water 
closet cannot be regarded as flushing, 
Two or three gallons properly applied 
at each use will cleanse a water closet 
more thoroughly than an uninterrupted 
trickling flow of water. In order to be 
efficient the flashing water should corne 
down '•''in a sudden dash^ To make the 
flush effective the supply pipe from cis- 
tem to bowl should be of large diameter, 
never less than one inch, and incroasing 
up to IJ inches as the head (or height 
of bottom of cistern over the bowl) di- 
minishes. The force of the flush largely 
dépends upon the shape of the bowl and 
upon the head of water available in each 
case. With closet bowls, circular in 
shape, a flush introduced in the direction 
of the tangent will whirl around its cîr- 
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cnmference, losing its force wîthout 
eflfecting much cleansing. An oval bowl 
provided with a fan flash is a vast im- 
provement. The best bowls are those 
provided around the upper edge with a 
proper ^^flusJihig rim^' into which the 
water from the supply pipe enters simul- 
tanconsly at ail sides, and ie directed 
to rush vertically downward, thoroughly 
washing the sides of the closet and re- 
taining sufficient force to expel the foui 
contents of the water closet trap. 

The mode of flushing a water closet 
from the main supply pipe of the house 
is decidedly objectionable, especially with 
closets located in upper stories of city 
houses. If water is drawn from a faucet 
in the basement the pressure is often re- 
duced so much as to create a slight vac- 
uum in the upper part of the pipe. If the 
valve of a water closet happens to be 
opened at such times, air, if not foui mat- 
ter, rushes into the pipe from the bowl. 
Thus the purity of the drinking water is 
endangered, while the closet remains 
without a flush. This risk can be par- 
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tially ayoided by the use of a check valve 
on the supply pipe to the closet valve. 
Snch check valves, however, are not relia- 
ble and of ten fail to shut properly. 

Water closets should be flushed from 
cistems, never directly from the main 
supply pipe. But cistems intended for 
storage of water to be drawn for drink- 
ing and cooking purposes should not be 
used for flushing water closets. In ail 
cases the use of a spécial cistern for each 
closet or for a group of closets is recom- 
mended. Such water closet cistems are 
manufactured in great variety by almost 
ail water closet makers. 

They are supplied with water either 
from the rising main or the large tank in 
the attic, by ball-cocks, made suffîciently 
strong to withstand the maximum press- 
ure of water. In their simplest form 
cistems hâve only one compartment, with 
a pipe attached to their bottom, leading 
to the closet, and with a valve closing 
this outlet of cistern, operated by a chain 
and lever. An overflow pipe is provided 
to prevent accidents through leakage of 
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the ball-cock. Such tanks are only ad- 
apted for bopper closets, and should not 
be used where water is scarce, as with 
them a large waste is likel y to oceur. 

Closets, holding water in the bowl 
(pan, valve, plunger and washout closets) 
require an "after flush" to refill the bowl, 
and the cistems should be provided for 
such purpose, with a service box, holding 
a certain quantity of water. The outlet 
from the cistern to the service-box must 
be closed by a large sized valve in order 
to secure a quick filling of the service-box. 

Cisterns, arranged with a view to pre- 
vent the waste of water, are désirable 
wherever the water supply is apt to be- 
corne scanty during the hottest and cold- 
.est months of the year. They hâve, in 
this case, three compartments, a large 
tank, supplied by a ball-cock, a measur- 
ing cistern, holding the quantity of water 
fixed for each flush, and a service-box for 
the after flush. 

Water waste preventers for hoppers, 
however, require only two compartments. 
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the receiTing tank and the measnring cis- 
tem. 

Water closet cistems are operated 
either by the common pull-up arrange- 
ment, a handle being connected to one 
end of a lever, the fulcrum of which is 
firmly secured to the floor, while the 
other end of the lever is connected by a 
brass safety chain to the lever operating 
the cistem valve. Such an arrangement 
is common for pan, valve and plonger 
closets. Or else the lever and valve is 
operated directly by a chain, with tassel 
or ebony handle, which arrangement 
seems best adapted to hoppers and wash- 
out closets (and slop sinks). 

An automatic " seat arrangement," in 
other words, the operating of the cistenx 
by a dépression of the seat through the 
weight of the person, seems most suitable 
for public places, schools, factories, &c., 
where people using the closet are apt to 
f orget to attend to the flushing. With the 
seat arrangement cistems with double 
compartments and double valves must 
be used. A service- box is attached to 
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the cistem for closets requiring an after 
flush. The dépression of the watef closet 
seat opens the valve from cistem to 
moasuring box, which quickly fills vip ; re- 
lieving the seat of its* weight causes the 
valve to close, and the outlet of measur- 
ing box to be opened, allowing the con- 
tents of the latter to rush into the water 
closet bowl. As the valve closing the 
outlet of the measuring box is of large 
size (generally 4 inches) the water rushe& 
into the service box quicker than it passes • 
ont through the 1^ or 1^ inch supply 
pipe, thus securing to the bowl the after 
wash. 

The annoyance frequently caused by 
the leakage of such cistem valves has led 
to the invention of other forms of water 
closet cistem s. Many of thèse are made 
to empty by siphons, such as Bean's 
flushing cistem, Pumell's patent siphon 
water waste preventer, EmanueFs double 
siphon water waste preventer, Braith- 
waite's siphon cistem, Brazier's cistem 
and others. 

Bean's flushing cistem, lately intro- 
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duced into this couniiry, is very simple 
and efficient in its action. It contains an 
annxdar siphon, very much like Rogers 
Field's siphon. The inner limb (usually 
of cast iron) is firmly fastenedin the cen- 
ter of the cistem, passing through its 
bottom, where it is oonnected with the 
supply pipe to the closet bowl. The 
outer limb, made of copper, with a dôme 
head, allows of a vertical movement around 
the inner limb, this movement being ef- 
fected by a lever, working in a slot, one 
end of which is attached to the outer 
limb of siphon, while the other carries at 
its end a oounterweight. A chain is at- 
tached to that extrême end of the lever 
holding the siphon, and the cistem is 
operated by a handle attached to the 
chain. By suddenly pulling downward 
the copper limb of siphon, water is f orced 
over the top of inner limb and the siphon 
started at once. The outer limb is held 
down by the suction imtil ail water is dis- 
charged, when the counterweight brings 
the siphon into its original position. 
The tank is supplied with water by a 
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ball-cock, rising with fche water; the in- 
ner limb serves as overflow pipe and ren- 
ders a spécial pipe for that purpose un- 
necessary. 

Bean's tank provided with an 1 J to 1^ 
inch pipe to the closet bowl is well ad- 
apted to flush earthenware flushing rim 
hoppers and slop sinks. 

The double- siphon water waste pre- 
venter of Emanuel, London, is a cistem 
having two compartments, and a siphon 
of bent pipe, the shorter end of which 
opens near the bottom of the first com- 
partment, while its large limb is carried 
to the closet bowl. The other compart- 
ment contains a smaller siphon pipe, the 
shorter limb of which opens into it, while 
the long limb is connected to the longer 
limb of the large siphon. Both siphons 
are started by forcing down a dise in the 
first named compartment connected to 
the lever, operated by chain and handle. 
This action forces water into the larger 
siphon, which quickly discharges the 
water contained in one compartment 
w^e the second siphon delivers as an 
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" after flash " the water of the other com- 
partment. 

Pumell's water waste preventer is a 
plain cistem, provided with a common 
siphon pipe, the longer limb of which 
passes throogh the bottom of cistem and 
leads to the water closet bowL Near the 
bottom of cistem a branch pipe leads in- 
to the longer limb, reaching to within a 
few inches from the level of water in the 
cistem, where it is closed by a valve. 
This valve is attached to one end of a 
lever, the other end of which is operated 
by a chain with handle attached. To 
flush the closet, the chain is pulled, open- 
ing the valve, and thus water flows through 
the connection pipe into the longer limb 
of siphon, causing a partial vacuum, which 
starts its action. The siphon continues 
to discharge until the contents of the 
cistem are withdrawn, when it completely 
breaks. This cistem and Bean's do not 
give (in their usual shape) an after flush, 
and are consequently only suitable for 
hopper closets^ slop sinks or urinais. 
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Bean's tank, however. can be modifiée! 
to give this after wash, where desired. 

Among automatic arrangements for 
flushing water closets I mention flush 
tanks, working on the principle of the 
siphon, or tanks working by gravity. 
They are useful in raibroad dépôts, 
schools, large factories, places of amuse- 
ment, and in exposed localities, where 
standing water would be apt to freeze. 
Such tanks coUect a continuons driblet 
from the supply cock until filled, their 
capacity being proportioned to the num- 
ber of closets, and then discharge the full 
contents at once into the bowl (see chap- 
ter on flushing appliances). 

The question of ventilation of water 
closets will be referred to later in speak- 
ing of the gênerai arrangement of water 
closet apartments. 

A properly trapped water closet, pro- 
vided with a good flush Jrom a spécial 
cisterriy with a flushing -rim bowl of 
improved shape, located in a well ven- 
tilated apartment, judlciously used and 
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well taken care of, ahould be inoffensive 
U> sight or smelL 

Bearîng lu riaind .^be gênerai princi- 
ples jvmt stafied, we will now examine 
the varions types of water elosets. 
There are six distinct classes viz. : pa7i 
elosets, valve elosets, pltinger elosets, 
hopper elosets, washout elosets and trougji 
elosets {latrines). 

Thèse types are illustrated in Fig. 4 
and Fig. 5. The elosets shown, however, 
are not intended to illustra te any manu- 
factureras spécial make ; they merely rep- 
resent the varions ti/pes of elosets. 

A shows the pan closet, flushed by a 
valve, supplied directly from the rising 
main, its bowl being closed by a pan, 
held in place by the counterweight, the 
closet outlet being trapped by a large D- 
trap under the floor. 

B is an illustration of a valve closet, 
with cistem flush, the bowl having im- 
proved flushing rim and a spécial trapped 
overflow pipe, and being closed by a flap 
valve held in place by the counterweight; 
the container is provided with an escape 
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pipe for foui gases, and the S-trap under 
the floor has a vent pipe attached to pre- 
thnt the loss of its water by siphonage. 

C is a plunger closet with improved 
flushing rim bowl, supplied with water 
from a cistern, the outlet of the closet 
being on one side and closed by a plunger 
working in a chamber and to be operated 
by knob ând pull. The trap is above 
the floor and provided with a hub to at- 
tach a vent pipe. 

While thèse three closets are operated 
by more or less complicated machinery, 
the three following types are free from 
any movable parts. 

D is a long flushing rim hopper having 
an S-trap under the floor. 

E is a short flushing rim hopper with 
S-trap above the floor. 

F is a washout closet, holding water 
in the basin, which also serves as a trap. 

Fig. 5 shows the gênerai characteristics 
of a^trough closet (latrine). 
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PAN CL08ETS. 



To this clasB of closets beloDg the 
Philadelphia valve closet, the Bartholo- 
mew valve closet, Harrison's *' Empire " 
water closet, Carrés " Monitor** closet, the 
Lambeth pan closet, Underhay*s pan 
closet, Banner's closet, Craigie's ''Eu- 
eka " closet, Craigie's ** Century " closet 
and many others. 

The name "valve " closet is an improp- 
er one, and leads to confounding thèse 
closets with those of the second type. 
The name is derived from the usual 
manner of supplying the flushing water 
to the closet, by joining the supply pipe 
to a more or less slow shutting valve, 
worked by the pull or handle of the 
closet. Thèse valves are mostly imrelia- 
ble, wear ont and leak, especially when 
subjected to varying pressure from the 
street main. Pan closets may, however, 
be flnshed by a spécial cistern with lever 
arrangement, and therefore the above 
serions defect is not one characteristic 
to thèse kind of closets. 
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The real defects of the pan closets 
will be at once apparent by inspection 
of Fig. 4. A. The excréments are re- 
ceived in a bowl, closed at the bottom 
by a copper pan, holding a few inches 
of water and forming a seal against the 
air from the container. The contents 
of the bowl or pan are discharged by 
tilting the pan by means of a lever, 
while a flush is simultaneously started. 
This pan works in an iron receiver or 
"container," upon which the bowl is 
usually fastened with putty. The outlet 
of the receiver is trapped by the com- 
mon S-trap, although it is not uncommon 
to find in old houses a D-trap under the 
water closet, a second "container" of 
foui matters. The foulest part of the 
pan closet is the receiver, for the solids 
gradually accumulate on its sides, as 
thèse receive no washing from the flush. 
The filth soon nndergoes décomposition, 
and the resulting gases, having been 
confined by the double water-seal of the 
pan and the trap, are expelled into the 
apartment at each use of the closet. They 
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also frequently find an exit at fche hole, 
through which the spindle, tilting the 
pan, paeses. And finally, the putty joint 
between bowl and receiver may become 
untight and afford means for the passage 
of sewer gas. The flush is insuflScient in 
most pan closets to clean the bowl ; it 
cerfcainly loses ail its force before reach- 
ing the container, foulness accumulâtes 
hère and excremental matter lodges in the 
trap, as the flush is not strong enough to 
drive it out through the dip or water-seal. 
Some of the enumerated defects may 
be obviated by enameling the inside of 
the cast iron receiver ; by ventilating it 
by an inlet pipe for fresh air and a vent 
pipe ; by having spécial flushing arrange- 
ments for the container ; by using a bowl 
with an improved flushing rim or a fan 
spray, the water for the flush being de- 
rived from a spécial tank. But by ail 
thèse costly improvements the only merit 
of the pan closet, its cheapness, is annihi- 
lated, and a better water closet may as 
well be used. As long as a house is flt- 
ted with pan closets, of whatever pattem, 
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4t may be said not to hâve reached the 
standard of safety from a sanitary point 
of view. 

VALVE CLOSETS. 

To this class belong the foUowing 
water closets: The old '*Brahmah" 
closet, Hellyer's improved valve closet, 
the Lambeth valve closet, Tylor & Sons* 
patent valve closet, Underhay's valve 
closet, Bolding's " Simple '* valve closet, 
Carr*s American "Défiance" closet, 
Mott's " CHmax '' closet, Motfs " Whirl- 
pool " closet, Demaresfs *' Acme " closet, 
the Alexander water closet, the "Vic- 
tor " sanitary valve closet, the Lambeth 
trapless closet, Tylor & Sons* trapless 
closet, Bean's valve closet and others. 

The valve closets (Fig. 4. B) are cer- 
tainly a vast improvement upon the pan 
closet. Instead of being closed by a 
pan, the bottom of the bowl is closed by 
a flap-valve, from which the closet takes 
its name. This valve is tightly held in 
place by a counterweight on a lever to 
which tiie pull is attached. By lifting 
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the pnll, the valve, which is binged, is 
tumed duwnward, and allows the con- 
tents of the bowl to drop into the trap« 
The container is much smaller than in 
the case of pan closets. It generally has 
a ventilating pipe to remove foui gases. 
The bowl holds a large quantity of water 
into which the solids are dropped and 
instantly deodorized. It is provided 
with some of the best closets of this 
type, with a superior flushing rim, and is 
flushed by a spécial cistem. As the flap 
closes tightly against the bottom of the 
bowl this mast be provided with an over- 
flow which should hâve a trapped con- 
nection to the container. Unless some 
water is fumished to this trap at each 
flush it is liable to lose its seal by 
evaporation, thus establishing a direct 
connection between the container and 
the atmosphère of the water closet 
apartment. Such driblet to the trap of 
the overflow is supplied at each flush in 
the better valve closets. There is some 
danger of the f ouling of the container. 
To prevent this the better closets hâve 
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the inside oî the container enameled, and 
as a larger body of water rushes from 
the bowl throagh the container at each 
discharge, the danger is much less than 
with the pan closet. 

If such closets are flushed from ayalye 
the soUds will be driven ont of the lead 
trap only after repeated flushing. Better 
closets of Uns class hâve suitably arranged 
cistems, which deliver quickly a large 
body of water to bowls with improved 
âushing rims, and thus the danger from 
foui matter being retained in the trap is 
much reduced. After continued use the 
flap-valve is liable to leak ; excréments or 
paper may stick to it and prevent its 
tight closing, and ail water will leak out 
of the bowL Thus the additional water- 
seal is lost and the bowl is more liable to 
become fouled. 

The Lambeth and Tylor's trapless 
closets are dififerent from those just de- 
scribed. The outlet of their bowl is 
placed at the side, not at the bottom, and 
is closed by a vertical âap valve hinged to 
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spindle and lever, and held in place by a 
counterweight. 

Such valves may be less liab!e to be 
fouled with solid matters and may close 
more tightly on this account. The water 
rushing ont of the bowl in a large body 
will effectually âush the outlet of the 
closet. 

Both closets do away with the trap and 
rely for exclusion of sewer gas only upon 
the flap-valve and the water in the bowl. 
In speaking of traps under fixtures I hâve 
already stated that each ôxture should 
hâve a trap, and I would much pref er dis- 
pensing with the additional water-seal in 
the bowl than with the trap under- 
neath the closet. îSuch trapless closets 
are not safe, for should the mechanism of 
the flap-valve get out of order the hous^ 
would be entirely open to the invasion of 
sewer gas from the soil pipes. 

PLUNGER CLOSETS. 

Among doBets of this type I mention 
Jenning^s closets, the Demarest closet, 
Mott's "Hygieia" doset, Moore's closet. 
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Zane's " Sanitary ** doset, the Calif orma 
" Perfection " closet, Myers' Gale closet, 
Myers' China doset, the Hartford Glass 
closet, Myers' egg- oval water doset, 
Smith's "Arizona" plug water closet, 
Pearson's Twin basin closet, Smeaton's 
trapless water closet, Smeaton's "Eddy- 
stone " closet and others. 

The characteristic détail of ail thèse 
(see Fig. 4 C) is the plunger closing the 
outlet of the bowl, which is placed at the 
side of the closet. The foui matters drop 
into a large body of water in the bowl, 
are therefore partly deodorized andeasily 
removed from the bowl. By lifting the 
plunger the contents of the bowl are ra- 
pidly discharged into the soil pipe, and 
the rush of the water, leaving the bowl, 
is so great as effectually to drive ail 
matters through the dip of the trap. 
The latter must be efficiently protected 
against siphonage, which is more likely to 
occur with plunger closets than with the 
pan, valve, or hopper closets. The dan- 
ger with closets of this class lies in the 
fouling of the plunger chamber. Waste 
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matters and paper may stick to the 
seat of the plunger or to its sîdes ; the 
outlet will then be imperfectly closed, 
ailowing the water to leak out of the bowl. 
Closets having a small plunger chamber 
are the better ones, not only because they 
will be cleaner, but because with large 
chambers the waste of water must neces- 
sarily be large. 

Plunger closets flushed by a spécial 
cistem require no supply valve nor float 
in the plunger chamber, which, therefore, 
may be of smaller dimensions, and hence 
are superior to other closets of this type. 

In some plunger closets a spécial spray 
arrangement is intended to wash the sides 
of the plunger and its chamber at each 
use of the closet, but, while it may be ef- 
ficient, it tends to compUcate the closet 
The better closets of this class provide 
the top of the bowl with an improved 
flushing rim, or wash the sides of the 
bowl by an effective fan or water-spreader. 
In order to provide for an overflow the 
plimger is sometimes made hollow, and 
when trapped it is so arranged that the 
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water forming a seal is r^ewed at eack 
flush. Otherwise it is liable to evapo- 
rate and this is especially dangerous 
with plunger closets that are trapless. 

Trapless plunger closets are not safe 
for same reasons as stated for trapless 
valve closets. 

In some closets an independent over- 
flow is arranged. Most plunger closeta 
are flushed by a valve, worked by a float 
in the plunger chamber. Thèse valves 
are not always reliable, especially under 
varying pressures, and it is much better 
to âush thèse closets from a spécial cis- 
tem. 

HOPPBB closets: 

There are many varieties of hoppers, 
made in iron or in earthenware. The 
latter are much préférable, and the for- 
mer should never be used unless well 
enameled inside. Among hopper closets 
I mention Hellyer's long and short 
"Artisan" hoppers, Myers' "Niagara" 
hopper, Demarest's long and short earth- 
en hoppers, Huber's long and short 
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earthen hoppers, Ehoads* hopper, Ivers*^ 
hopper, Harrison's drip tray bowl flush 
ing rim hopper, the Lambeth " Cottage *' 
closet, Smith's " Odorless " hopper, Hen- 
derson's Automatic water closet, Mad- 
dock's hopper, Moore's " perf ectly odor- 
less " sanitary closet, Watson's hopper 
and others. 

Hoppers (Figs. 4, D & E) are sometimes 
liable to become soiled at the sides of 
the bowl, and for this reason hâve not 
become favorites with many. The hopper 
lacks the advantage of the pan, volve and 
plunger closets, in which the excréments 
drop immediately into a more or less 
large body of water, and thus carried in 
suspension by the water, are easily re- 
moved from the bowl by tilting the pan 
or valve, or by lifting the plunger. A 
good praetice is to wet the sides of the 
hopper bef ore use, and where the hopper 
is flushed by a spécial cistem such a de- 
vice has been arranged to work automat- 
ically. The rear part of a hopper should 
be vertical and straight, so that matters 
will drop immediately into the water of 
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the trap without touching the sides of 
the hopper. The înside of hoppers shotQd 
be very smootli, and for this reason, 
•earthenware is much pref erred to enam- 
«led iron, becaose the enamel scales off 
gradually. In order to hâve as little 
surface as possible exposed to fouling 
the sides of the hopper should be short, 
which is in some accomplished by hay- 
ing the trap above the floor. The ap- 
parent greater cleanliness of the pan, 
valve or plonger closets is simply a de- 
lusion. It is true, the hopper will 
fiometimes hâve its sides soiled with ex- 
crementitious matter, when the supply 
or the manner of âush is inadéquate. 
But the defect is in sight ; it shows it- 
self to the person using or in care of the 
closet, and it can easily be remedied by 
proper occasional application of hot wa- 
ter, soap and a scrubbing brush. 

Not so with the other closets. The 
dirty matter may be out of sight, but it 
often remains hidden in those parts of 
the closet which are not easily accessible, 
and therefore never cleaned or inspected, 
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until a leakage occurs, or imidl some foui 
odor compels the houBeholder to call for 
the plomber. 

The great merit of hoppers lies in their 
simplicity and in the total absence of any 
mechanical parts which, sooner or later, 
f ail to work properly, especially when the 
closet is carelessly used. Much dépends 
with a hopper closet upon the manner of 
flush. The practice of tuming a stopcock 
and thus introducing a f eeble stream into 
the hopper, which whirls around its in- 
side, is objectionable. Hopper dosets 
should always be provided with flushing 
cièterns allowing a hountiful supply to 
rush vertically downward througii a large 
supply pipe and a toell-shaped Jliùshing 
rim. 

Ehoads' porcelam seated hopper is a 
deanly device for hospitals, schools, fao- 
tories, raikoad dépôts, public buildings, 
&c., provided it is well âushed, and only 
where the apartment can be well heated 
in winter, as otherwise, the seat being 
cold, the closet is liable to be improperly 
used. 
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Hoppers with wooden rims for a seat, 
attached to the bowl will answer better 
than Khoads' hopper in exposed places, 
the only objection being the possible ab- 
sorption of urine through the wood. 

WASHOUT CLOSETS. 

I have grouped a number of recently 
invented water closets dnto this last class 
which I consider, in principle, far supe- 
rior to any of the other closets for the 
following reasons: They are mostly 
made in one single pièce gf earthenware 
and are entirely free from any movable 
parts (see Fig. 4, F). Moreover, the 
bowl of many closets of this type is shaped 
in such a manner that its outlet or over- 
flow f orms a very efficient water-seal trap, 
thns obviating the necessity of a trap un- 
der the closet. Ail washout closets have 
their basin so shaped as to hold a large 
quantity of water; the advantages of 
such an arrangement have been already 
stated. A washout closet is in fact only 
a modiôed and improred form of hopper. 

In England closets of the " washout " 
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type are pref erred of lafce to other closets, 
and in this country qmte a number 
of such closets hâve been introduced. 
Among closets of the washout type 
mention: The "National** side outlet 
closet, Owen's closet, the Lambeth "Flush- 
out" closet, Carmichaers '*Washdown" 
closet, Woodward's ''Washout" closet, 
Bostel's "Brighton Excelsior" closet, 
Dodd's Patent closet, Hellyer's "Vortex " 
closet, the " CaUfomia " or Smith's " Si- 
phon Jet " closet, the " Dececo" closet, 
the " Tidal Wave " closet, and others. 

Différent mea,ns are employed with the 
closets of this class to effect a discharge 
of the bowl. In many the downward 
rush of water directed through proper 
flushing rims *so as to concentrate its 
main force at the outlet of the basin, 
drives the contents of the bowl into the 
overflow, and thus into the soil pipe 
C' Brighton " and " Vortex " closets). In 
others a jet of water is introduced into the 
outlet pipe and carries ail water from the 
bowl, partly by the force of the jet, and 
partly by starting a siphoning action 
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(Smith's "Siphon Jet" doset). In crtiB 
oihers a partial yacuum is created hj 
différent means in the outlet and a true 
siphonage establiahed ('^Dececo" and 
"TidalWave" closets). 

LATRINES. 

Latrines and trongh water closets are 
frequently used in public places, schools, 
railroad stations, factories, hospitals, 
military barracks, etc. Latrines (Fig. 5) 
consist of a séries cf strong stoneware or 
cast iron porcelaia lined pans connected 
with each other by a suitable Titrified or 
cast iron pipe at the bottom of the pan 
or bowl, and f orming one pièce with it. 
At the end of the last section a discharge 
Talve is placed, being an upright pi}>e in 
which a plunger works, the latter being 
hoUow so as to serve also as an over- 
flow. As the plnnger closes the outlet 
tightly, water is heldback in the latrines 
to the height of the overflow in the 
plunger. The plunger or discharge 
valve is under control of a janitor, who 
raises this plug as often as found neces- 
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sary to empty and clean the latrines» 
The water then rushes out of ail the 
bowls with great force and in gréai 
quantity and everything is effectually 
carried out of the plunger chamber and 
trap undemeath. Moreover, each bowl 
is provided with a supply pipe to rinse 
its sides each time the plug is raised. 
As soon as the plugis dropped, the bowl» 
and Connecting pipes fill with water and 
are, in a few moments, again ready for 
use. The bowls are generally formed so 
that no excremental matter can strike 
their sides ; everything drops at once 
into water and is partly deodorized. 
The only part which may get foui in 
time is the plunger chamber, although 
this is not as likely to occur with latrines, 
as with a single plunger closet. 

Trough water closets are constructed 
in différent manners, generally of brick-^ 
work with vertical side walls and round 
bottom, but sometimes of iron, holding- 
a large quantity of water, with the bot- 
tom of trough inclined to the end^ 
whére tiie^^Bcharge plug is situated^ 
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ttnd with a single or double row of seats 
placed above them. They are somewhat 
less expensive than latrines, and foMl, 
in some cases, a good pnrpose. 

A good* snbstitate for latrines and 
trough closets may be f ound in a number 
of flushing rim ail earthen hoppers such as 
Ehoads', Hellyer's, Demarest's, Huber's or 
the Niagara Hopper, with wooden rim 
attached to the bowl as a seat, each 
provided with a trap and flushed auto- 
matically either by Field's annular siphon 
tank or McFarland's tiltingtank, as often 
as desired, the opération of emptying 
and flushing the closet being thus made 
entirely in dépendent of the carelessness 
or forgetfulness of the persons using the 
closet. 

GENERAL ARRANGEMENT OF WATER CLOSET 
APARTMENTS. 

In speaking of plumbing fixtures in 
gênerai I hâve decidedly condemned the 
usual manner of encasing fixtures with 
tight woodwork. While this is objec- 
tionable with any kind of plumbing ap- 
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paratus, it is even more so with "water 
closets. With a tightly boxed-up water 
closet ventilation is impossible under the 
seat; the fréquent cleaning of the ap- 
paratus is neglected, the floor often be- 
comes wetted with urine drippings or 
water spilled in carelessly using the 
closet as a réceptacle for slops ; the fQthy 
liquid soaks into the absorbent floor, 
which constantly remains damp and 
emits unpleasant odors into the apart- 
ment. 

As an abundant supply of water is 
most essentiel to the interior of the bowl 
and closet, so is plenty of light and air 
indispensable to the outside of the 
closet. A water closet should stand free 
on the floor, readily accessible on ail 
sides. The only woodwork necessary is 
the seat ; this should be without a cover 
and can be hinged and leaned agfainst 
the rear or side wall, when the closet is 
not in use. Such an arrangement looks 
especially neat where the floor is laid in 
tiles, and if the water closet is entirely 
of white crockery ware, for instance a 
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long or short fluBhing rim hopper, or au 
earihenware wash-out closet. 

CoL Oreo. E. Waring, Jr., thus de- 
Boribes such an arrangement : a closet^ 
"made of white earthenware, and stand- 
ing as a white vase in a floor of irhite 
tiles, the back and sidewalls being sim- 
ilarly tiled, there being no mechanism of 
any kind nnder the seat, is not only 
most cleanly and attractive in appear- 
ance, but entirely open to inspection and 
ventilation. The seat for this closet ia 
simply a well-finished hardwood board^ 
resting on cleats a little higher than the 
top of the vase, and hinged so that it 
may be conveniently tumed up, exposing 
the closet for thorough cleansing, or for 
use as a urinai or slop hopper. Such 
dosets ought entirely to do away with 
the use of urinais in private houses, and 
if, for convenience or to prevent the pos- 
sibility of baths being improperly used, 
separate slop sinks are desired, thèse 
should be constructed like the hopper 
closet, theontlet being protec^d with a 
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movabïe basket of wire cloth made for 
tbe purpose." 

■ Tbe arrangement suggested adds, of 
course, to tbe expense of a water closet, 
but, wbere wbite Minton tiles sbould 
prove too costly, a plain cernent floor, or 
slate, or else enameled tin may be sub- 
stituted for tbem. A tigbt bardwood 
floor is well suitable, and may be cov- 
ered, if desired, by oilcloth. 

Wberever woodwork is used for tbe 
sake of better appearance of closets bav- 
ing mecbanical parts (plunger closets, 
valve closets), at least the riser sbould be 
arranged with lattice work or a great 
number of perforated boles to provide 
ventilation under tbe seat. 

It is désirable to locate water closets 
near an outer wall, in order to give tbe 
iapartment ample ligbt, and a window 
opening on tbe exterior of tbe bouse, for 
-ventilation. Where sucb an prrange- 
ment cannot be secured — andit is seldom 
possible to do so in American city dwell- 
ings — tbe apartment sbould bave bor- 
rowed ligbt and spécial means for its 
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Tenidlation shonld be provided. A ôbA^ 
nnyentilated, narrow spaoe for a water 
olosei, opening into a dressing room, or 
sitoated off a staircase landing, or evea 
dose to sitting rooms, is an abomination. 
In England water closets are '*con- 
stmcted inside a bouse witb an inter- 
mediate vestibule, witb a cross-current 
of air, so as to eut ofif tbe air in the 
bouse from tbat in tbe closet/' Tbe 
rigor of tbe climate in our Nortbem 
States forbids sucb an arrangement, 
but in moderate climates it is quite 
practicable to loeate water closet and 
slop sink apartments in a 'tower con- 
nected to tbe main building by a pass- 
age or bail, wbich, bowever, is separated 
from it by double doors, tbe bail being 
effîciently ventilated by two Windows on 
opposite sides. If located in tbe conter 
of tbe bouse sucb apartments need 
sometimes artificial ligbting by gas, in 
wbicb case tbe beat of tbe gas flame can 
be utilized to create a constant draft and 
tbus to yentilate tbe closet apartment by 
means of tin or galvanized iron pipes, 
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extended — ^independently for each apart- 
ment — through the roof. Fresh air 
shoQld, in such a case, be supplied to 
the room, either by blinda in the door^ 
or else by cutting away its lower two or 
three^-inches. 

Sometimes in order to remove noxious- 
gases generated in using the closet, a 
spécial vent pipe is attached to the 
closet bowl, leading into a constantly 
heated flue, used for this purpose on/y/ 
or else an upward draft is created in the 
vent pipe by Connecting it with a cham- 
ber, in which a gas jet is buming, and 
the ontlet pipe of which enters the âne,, 
or extends up to the roof. Such a vent- 
ing of the closet bowl is provided, for 
instance, in the Zane plonger closet, in 
E. D. O. Smith's "Odorless Hopper 
Closet," in the "Worcester Hopper," 
Maddock's "Inodorous" Hopper, Moore*& 
"Sanitary" Water Closet, Huber's hopperj^, 
with vent pipe attached to bowl, Wat- 
son's hopper, Mott's ventilated hopper^ 
Harris^*r'"dripHîray bowl hopper, and 
others. 



dby Google 



194 

Sometimes such a ventilation is ap- 
plied directly under the seat, by using 
an annular flat zinc tube, provided with 
a number of openings at the inner edge, 
and connected to a spécial flue. 

It would be a serions mistake to run 
such vent pipes into a kitcben flue, and 
far more so to run them into any other 
chimney of a building. There is at times 
a downward draft in tbese — even in the 
kitchen flue, the fire of ,which may go 
eut over night — and thus offensive gases 
from the closet would be carried into 
the house. Another reason against such 
a course is that small vent pipes would 
430on become obstructed by soot. The 
best course, where a spécial flue has not 
been arranged, is to run the vent pipes 
along some heated flue up to the roof, 
and terminate their ends at a point 
where they are well exposed to the cur- 
rents of air. Thèse remarks apply also 
to the vent pipes of containers of pan or 
valve closets. 

It would almost seem superfluous to 
atate that vent pipes from closet bowls 
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Bhould never enter a soil or waste pipe, 
or a vent pipe from tra^s. But such 
cases are not rare, and an instance of 
such pemicious practice — ^which should 
be considered either as criminal careless- 
ness or else as utter stupidity and in- 
ability of the mechânic — was related to 
me only a short while ago. 

While speaking of the proposed use 
of kitchen flues for vent pipes of 
closet bowls or containers, I might men- 
tion the fact that it has repeatedly been 
proposed to utilize the beat of the kitchen 
chimney for the ventilation of soil pipes, 
by runiiing thèse from above the highest 
fixtures into such heated flue. Such 
practice is not permissible under any 
circumstances whatever, for there are at 
times downdrafts, which would force soil 
pipe air into the house. Besides this, it 
is well known that bricks absorb gases, 
and would thus in time become impreg- 
nated with sewer gas. 

For public places, such as railroad 
dépôts, schools, collèges, hôtels, etc., 
where water closets are likely to be used 
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in rftpid saocession at certain times of 
the day, a spécial verUilcUion of the apart- 
ment is necessary, even wbere window» 
are provided, to remove ofifensive smella 
from the use of the doeets, which may 
arisë;' fa<>w«fVlar well the closeÉè may be 
trapped and the pipes yentilated. li 
would lead too far to consider in détail 
the best means for ventilating such apart- 
ments. Suffice it to say, that providing^ 
on]y an exit for the foui gases cannot be 
regarded as ventilatian, To préserve 
the purity of the atmosphère in such 
apartments it is necessary to introduce 
a suffîcient quantity of pure air, moder- 
ately heated in ¥ânter time, and to pro- 
tide an outlet for the foui air. A much 
disputed question in locating this outlet 
is whether it should be near the door 
or near the ceiling. The former may 
hâve advantages f^om an economioal 
point of yiew, but from a sanitary point 
of view, which should only be taken into 
considération in the ventilation of such. 
apartments, I should always advise locat- 
ing the outlet near the ceiling of the room. 
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No amount of ventilation, howevery 
will keep the air of the apartment pore 
unless the water closet is {r«queiitly 
and thorooghly irashed and scmbbed. 
Such cle^nsingviB modh facilitated with 
the above suggested arrangement of a 
water closet. 

The following valuable remarks of Mr. 
Edward S. Philbrick upon this subject 
so fully express my own views, that I 
quote them in exèenso: "The location 
of plumbing iixtures in dark corners, 
nnder stairways and in closed closets is 
always to be avoided. 8uch fixtures, 
even if of the best materials and design, 
need fréquent washing and even scaJding 
to keep them sweet, and the more light 
and air can be admitted to them, the 
more likely will the occupant be to en- 
force such cleanHness. The best author- 
ities in Sngland recommend the location 
of water closets outside the house walls^ 
in towers or outside appendages. The 
rigor of our climate forbids such an ar- 
rangement in the Northern States, but 
they can often be so placed near the 
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outer wall of the honse as to allow of a 
window for the direct admission of light 
and air, i, e, in the same apartment^ 
This can be done in ail suburban houses 
without an undue sacrifice of light in 
the Hving and sleeping rooms, though 
city houses can rarely afford anything 
better than skylight and well light for 

them The water closets on 

the basement floor are generally the 
source of much trouble by injudicious 
location and subséquent neglect. The 
rareness of the inspection generally 
given to such fi^tures by heads of 
families renders it ail the more needful 
to place them where they can be readily 
and easily cleaned and well aired. . . . 
But however good the apparatus and 
however well located, nothing will com- 
pensate for neglect by the occupants of 
the housé. Fréquent applications of hot 
water and soap are just as needful to 
the surfaces of such fixtures as to the 
bodies of the persons who use them. 
Of course the woodwork about them 
should be so put togéther as to be 
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Teadily taken apart without tools by any 
house-maid, to be periodically cleaned 
and aired. What is the custom in this 
respect? Expensive apparatus is often 
seen so boxed up by screWed and eveû 
nailed joinery, that the spaces so en- 
closed are practically inaccessible and 
floon become abominably foui from spat- 
terings. The less amount of woodwork 
the better, but by ail means hâve the 
wrhole so as to be ready of access with- 
out the need of so much as a screw- 
driver, and let every house-maid be 
taught the necessity of a regular rou- 
tine in the cleansing opérations, scald- 
ing and scouring every surface which 
has been exposed either to the spatter- 
ing of urine, or even to the perspiration 
of the body. It may not be always 
jpossible to enforce such discipline, but 
the less it is enforced, the more import- . 
ant become the items of light, air and 
simplicity of construction, as aids in the 
same direction. The latter are generally 
xinder the control of the architect, and 
his mistakes of planning entail a pev 
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mnnmt and incurable eyil, which it is 
theniore ail the more important to 
aToifl .... While every aid 
shoiitd be giyen to deanliness by sim- 
plifying the apparatus, no amonnt of 
pei^ficÉîon in this raqaeot will avoid the 
need of constant thonght and care on 
the part of tbose who ose the fixtnres» 
as well as those whose dnty it may be ta 
deanse them. Sucli perfections of appa- 
ratns are but aids, and thongh not to be 
ignored by any means, are after ail but 
of little ayail if the people who ose them 
are reckless and wanton in their habits. 
It is difficnlt enough to keep such ap- 
paratos in good order in private houses 
where not used by any one beyond the 
supervision of the head of the family, but 
the trouble increases in a manifold ratio 
where fixtures are applied in hôtels or 
public places, or in tenements to be usea 
by more than one family." 

FLUSHINO APPLIANOES. 

Flushing tanks should be provided in 
a System of house drainage, whenever it 
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is 'împracticable to lay ihe drain at an 
inclmation which will secore a snfficient 
deaDtâing flow. The idea nnderlying 
moBt of thèse flushing arrangements is 
the accumtilation of a small flow of 
water — often merely a driblet-^which 
oontmuously ranning, at a slnggish rate, 
wonld not be able to remove deposits in 
the drain. Whenever this water bas ac- 
cumnlated to a large volome, the flash 
tank is automatically emptied and its 
contents are driven with a sudden rush 
Hiroagh the drain. As this may be re- 
peated as often as found necessary, the 
inside walls of the drain may be kept 
thorooghly cleansed, and any decom- 
pomtîon of organic matter is thus efifectn- 
ally prevented. 

Automatic flash tanks are likewise 
frequently used for flashing a namber 
of water closets, arinals or slop sinks, 
and even a single water closet, if in 
an exposed locality, where the water in 
the supply pipes wôald be apt to freeze 
onless kept constantly ranning. It has 
been alreadystated that sach continaally 
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running driblets are nnable to pro<itic< 
an effective flush, but, by collecting' thi 
driblets in a flush tank, dischargîng 
automatically, when filled, the desired 
purpose may easily be accomplished. 

There are many varieties of flash 
tanks, such as Field's siphon tank, 
McFarland's tilting tank, Shpne^s flush 
tank, Maguire's, Khoads', Hydes', Ivers', 
Wilson's, Guinier's tanks and others. 

Field's flush tank, the invention of the 
well-known Enghsh engineer Kogers 
Field, has been used with success in 
this country. One of his tanks has a 
common siphon, and is started only by a 
sudden addition of a larger quantity of 
water. The other tank is provided with 
an annular siphon, the outer and inner 
limb being concentric. This tank is 
starte d by a small trickling flpw. It may 
be constnicted of small size, to flush a 
row of hopper closets or urinais auto- 
matically. Larger tanks are used for 
flushing house drains and town sewers, 
and are also adapted for sewage disposai 
by surface or sub surface irrigation. 
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A Siphon tank. 
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Fig. 6, A, shows a Field's flash tank 
with annular siphon, the tank being of 
wood lined with dheet lead. The longer 
inner limb of siphon reaches into the 
trapping box suspended tindemeath, in 
which the water level is kept about one- 
sixteenth of an inch belowthe end of inner 
limb of siphon by means of the second 
"auxiliary " siphon. The working of the 
tank is as foUows : As soon'as the water 
from the f aucet has ôUed the tank so that 
the water rises to the top of the longer (in- 
ner) limb of siphon, it commences to over- 
flow, but is goided by a conical-shaped ad- 
jutage to drop clear of the sides, and seals 
the mouth of lower limb. In f aUing, the 
water carries air with it, which is thns 
displaced and driven out at mouth of 
inner limb in trapping box. A slight 
yacanm is gradually created in the dis- 
charging limb, snffîcient to start the 
siphon, which rapidly empties the tank. 
As soon as air is admitted through the 
outer (shorter) limb of siphon its action is 
stojiped, aU the water in the inner limb 
drops into the water chamber, and the 
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auxiliary siphon lowers the water Une in 
trapping box about one-sixteenth of an 
inch below the mouth ci inner limb. Air 
enters at this place and completely breaks 
the siphon ; the tank is then ready for an- 
other discharge. The stopcock can be 
regulated to fiJl the tank more or less 
rapidly according to option. 

McFarland's tank is shown in Fig. 6, 
B. It Works by gravity, and is simply à 
bucket hung in a cistem, working in 
brass journals. As soon as filled from a 
faucet regulated to let the water in slowly 
or quickly as desired, the bucket tips over 
and empties the entire contents at once^ 
This tank is well adapted for flushing 
closets, slopsinks and urinais. 



I hâve endeavored, in this volume to 
explain whatmeans and devices should be 
used, and what rules must be followed, 
speedily and sàfely to remove by the 
water- carriage System ail liquid and semi- 
liquid wastes from habitations. The ail- 
important question of how to dispose of 
the waste matters of the household in 
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the safest^ least disagreeable, most effi- 
cient and mosfc economical manner bas 
not been referred to. 

The discbarge of sewage into water- 
courses or into the sea, its treatment by 
chemical processes, filtration of sewagej 
surface and sub-surface irrigation, inter- 
mittent downward filtration of sewage, 
the processes of dry removal, by pail or 
tubs, earth closets, ash closets, cesspools, 
privies, vaults, manure pits and kindred 
subjects, the removal of garbage, kitchen 
slops, ashes, etc., in other words, " The 
JDisposal of Household Wastes^^' will be 
made the subject of a future volume. 
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